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A 250 Kilovolt X-Ray Equipment 


for Deep Therapy 


By D. H. DONALDSON, M.Sc., and D. HALLIDAY. 
X-Ray Department, Union Works, Wembley. 





INTRODUCTION. 


HE requirements of an 
X-ray generator for the 
treatment of deep- 

seated tumours may be briefly 
summarised under the head- 
ings of output, positioning 
and safety. The radiation 
Output must be sufficient 
both in intensity and in 
penetrating power to adminis- 
ter the required dose in a 
reasonably short time. It 
must be possible to adjust 
easily and quickly the posi- 
tions of both the patient and 
the X-ray beam to the radio- 


tension. 





Apparatus ~ for 
therapy has hitherto failed to 
combine adequate output with 
reasonable size or freedom from 
the disadvantages of unwieldy 
shockproof high tension cables. 
The design of Watson apparatus 
Type XT-1 1s a new approach to 
the problem. It has a rating of 
250 RVP., 18 mA. witha tube- 
head of relatively small propor- 
tions and cables which are re- 
guired to withstand only approxi- 
mately a quarter of the total 


beam position ; the associated 
deep X-ray high tension generating 
equipment is stationary, and 
must therefore be connected 
to the tube by flexible high 
tension cables. In the second, 
or “ transformer type ”’ head, 
the X-ray tube and high 
tension transformer are con- 
tained in one tank and are 
movable as a whole for 
positioning of the beam, with 
flexible low-voltage connec- 
tions to the power supply. 
Both these types of X-ray 
generator are familiar in 
the lower voltage, lower 








logist’s requirements. The 

equipment must be protected against accidental 
damage to the patient, the operator, or the appara- 
tus itself, so that the operator may concentrate 
as much as possible on the needs of the patient 
and the correct administering of the treatment. 
In addition, a high degree of reliability is re- 
quired, and every reasonable precaution must 
be taken against alarming the patient, who may 
already be in a very nervous state, by either the 
appearance of the equipment, or any noise 
produced by it in operation. 

In general, the first two requirements of 
adequate output and easy positioning are con- 
flicting factors in the design, since an increase 
in output will usually mean an increase in size 
and weight and therefore some sacrifice in 
ease of manipulation. As a result, every design 
must be, to a considerable extent, a compromise 
between these two requirements. 

There have in the past been two main methods 
of approach to this design problem. In the first, 
or shockproof tube type of equipment, only the 
X-ray tube itself in its shockproof housing is 
movably mounted for the adjustment of the 





power range of diagnostic 
and superficial therapy equipment, in which 
the transformer-head is most frequently used 
for the smaller dental and mobile units, and 
the shockproof tube for the larger fixed diag- 
nostic installations and for superficial therapy 
up to about 150 kilovolts peak. With the 
increase in kilovoltage to at least 200 kVP 
for deep therapy, the larger high tension cables 
required begin to impose considerable restraint 
on the easy movement of the tube head, with 
the result that the transformer-head again 
becomes a competitive design, but only just 
competitive, since the bulk and weight of the 
generator also impose their limitations on the 
ease of manipulation of the head. 

In the equipment to be described, an attempt 
has been made to arrive at a better overall com- 
promise than is achieved in either of these types 
by adopting what may be described as the 
middle course of a “ divided-generator ” design, 
in which part of the high tension generator is 
contained in the movable head with the X-ray 
tube, and the rest of the generator is stationary 
and is connected to the head by cables operating 
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at an intermediate voltage. The result is that 
the head is considerably smaller and lighter than 
the usual transformer-head and is substantially 
free from the restraint of the high tension cables 
of the shockproof tube. 

In this equipment, as in the other two types, 
the high tension generator is arranged sym- 
metrically in the circuit, on either side of the 
X-ray tube, that is between each of the tube 














Fig. |!.—250 kilovolt X-ray head in a _ ceiling 
mounting, with treatment couch and pedestal control 
for the motor-driven vertical movement of the head. 


electrodes and earth. For the total of 250 kVP, 
therefore, the anode is supplied with 125 kVP 
positive to earth, and the filament is supplied 
with 125 kVP negative to earth. Each half of 
the generator is again subdivided into two 
sections of approximately equal voltage, so that 
between each tube electrode and earth there is 
one section of the generator contained in the 
tube-head and supplying about 62:5 kVP and 
a stationary section which also supplies about 
62:5 kVP. The cables connecting the stationary 
sections of the generator to the head therefore 
carry only a quarter of the total voltage, and can 
be of the type commonly used in radiographic 
equipment. At this voltage too it is possible to 
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take the high tension connections into the head 
through sliprings so that rotation of the head 
about one axis is obtained without any movement 
of the cables. 

In this way it has been possible to make a 
head measuring only 29 by 24 by 12 ins. in 
which the tube operates at 250 kVP, 18 mA, 
and in which no restraint is imposed by the 
high tension cables on the easy movement of 
the head for adjustment of the beam to the 
treatment position. Fig. 1 shows a view of the 
head in a ceiling suspension. 

The radiation output from the head, measured 
free-in-air at 50 cms. from the target, is shown in 
fig. 2. The lower curve shows the output inten- 
sity, in roentgens per minute, plotted against the 
added filtration in millimetres of copper followed 
by 1 millimetre of aluminium. In the upper 
curve, the hardness or penetration of the radiation, 
measured by the half-value-layer in millimetres 
of copper, is plotted against its intensity. 


THE CIRCUIT OF THE DIVIDED 
GENERATOR. 


The principle of the divided generator em- 
ployed in this equipment may be used with any 
of a number of circuit arrangements, one of 
which is illustrated in fig. 3. In this the two 
sections contained in the head are shown simply 
as transformers, supplying an alternating high 
voltage. This is the simplest and most suitable 
form of generator for containing in the head as 
it is the most economical in weight and bulk. 

Each stationary section of the generator sup- 
plies a rectified potential from a single-phase 
half-wave rectifier circuit. Two arrangements 
of these D.C. generators have been used. In 
the one illustrated, the output is smoothed by a 
condenser, so that the total voltage across the 
X-ray tube has a wave-form similar to that of the 
Villard circuit. This has the advantages that 
there is little or no inverse voltage on the tube 
and that the cables are operating under the 
extremely favourable condition of constant 
potential. In the second arrangement the 
rectifier output is left unsmoothed, with the 
advantages of easier operating conditions for the 
rectifier valves and a somewhat greater radiation 
output from the tube, as the useful voltage wave- 
form is a half-sine-wave, which has a greater 
effective value than the Villard-type wave-form. 
The cables operate under a pulsating rectified 
voltage which, though more severe than the 
constant potential, is still well within their 
capabilities. The tube operates with an inverse 
potential, but this is not an important factor in 
the tube life as its magnitude is only about half 
that of the operating peak kilovoltage. 
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The whole assembly is oil-immersed 
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2> in a welded steel tank which is at 
—] earth potential. Thus the oil insulation 
for 125 kVP between each end of the 
tube and earth is everywhere divided 
into two approximately equal parts. 
This not only results in some economy 
of space, but also makes the design no 
more difficult than that of radiographic 
or superficial therapy equipment of 
=e approximately half the total kilo- 
— voltage. 

The steel containing tank is fitted 
at each end with a ballrace mounting 
and, concentric with it, a high tension 
bushing which carries the supplies 
from the external generators. In the 
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Fig. 2.—Radiation output characteristics at 250 kVP, 18 mA. 


These stationary generators also contain 
isolating transformers which operate with their 
secondaries at the output D.C. potential, and 
supply, through two cores of the high tension 
cables, the primary voltage to the transformers 
in the head. On the cathode side a further 
isolating transformer supplies the primary voltage 
of the tube filament transformer in the head, 
through one of these cores and a third core in 
the cable at the cathode end. 


ARRANGEMENT OF THE TUBE HEAD. 


The design of the tube head itself is 
illustrated diagrammatically in fig. 4. 

The two high tension transformers and the 
tube filament transformer are mounted on one 
side of an insulating panel, with the 
X-ray tube mounted on the opposite 
side. The tube is enclosed by three 
shields in the form of le4d alloy cast- 
ings which serve the dual purpose of 
cutting off stray radiation and defining 
the electric field round the tube 
envelope. 

The centre shield is at earth poten- 
tial. The two shields which enclose 
the ends of the tube and the casings 
which similarly shroud the windings 
of the high tension transformers are 
each connected to the appropriate 
incoming high tension from the 
external generators. 
high voltage supplied by the trans- 
formers is generated within the shrouds 
and is brought through the insulating 
panel to castings which support the 
tube ends within the lead end shields. 
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lid of the tank, mounted in a lead 
alloy flange, is the hard glass window 
through which the X-ray beam is 
directed, and a second cover-plate over 
the lid carries the shutter, monitor ionisation 
chamber and fittings for the filters and applica- 
tors for control of the beam. 

The X-ray tube can be replaced on site with- 
out removing the head from its suspension. 
The whole head is enclosed in a highly-finished 
sheet metal outer casing which is lead-lined to 
provide a final overall protection against the 
escape of leakage radiation from the tank walls. 


THE EXTERNAL GENERATORS. 

The design of the external D.C. generators, 
one of which is shown in fig. 5, presents no 
special problems. Except for the difference in 
polarity and the extra isolating transformer in 
the negative generator, to supply the tube fila- 
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Fig. 3.—Basic circuit of the divided high-voltage generator. 
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ment transformer in the head, the two generators 
are identical. In each the circuit components 
are contained in a welded steel tank which 1s 
oil-filled for insulation and cooling. The 
rectifier valve is also immersed in the oil and is 
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Fig. 4.—Schematic diagram showing the _ internal 
arrangement of the tube-head. 


easily replaceable through a hand-hole in the lid 
of the tank. The tank top also carries the socket 
for the high tension cable which connects the 
generator to the tube head. 


THE CONTROL UNIT. 


The desk-type control unit is of low height 
so that the operator can see over it through a 
lead-glass window into the treatment room. 
The lower part of the desk is an angle-iron 
framework on which all the main components 
are mounted as shown in fig. 6, while the top is 
built up of light alloy castings. All the instru- 
ments, controls, switches and pilot lights are 
mounted on the upper front panel which is 
hinged to open downwards for easy maintenance. 

The three central instruments are a volt- 
meter showing the tube kilovolts and two mil- 
liammeters, one in series with each D.C. genera- 
tor, to show the tube current. Above these is 
the scale of a mirror galvanometer which reads 
directly the current through the ionisation cham- 
ber mounted in the head. Its reading is a 
measure of the radiation output and therefore 
acts as an overall monitor on the tube voltage, 
tube current and beam filtration. 

To the left of the instruments is a synchronous 
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motor-driven timer to control the duration of 
the treatment. It has two dials, one scaled in 
seconds up to one minute, and the other in one- 
minute steps, giving together a total scale of 


fifty-five minutes in one-second steps. 

To the right of the instruments is the kilo- 
voltage control handle which operates a face- 
plate type switch with 81 studs connected to an 
auto-transformer giving a control range of 120 
to 250 kVP. This regulator is variable on load, 
the connecting leads between transformer and 
switch forming the windings of an iron-cored 
reactor which limits the short-circuit current 
when the brush bridges two adjacent studs. The 
tube current control is mounted directly below 
the kilovoltage regulator, and provides coarse 
and fine adjustment on concentric knobs. 
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Fig. 5.—One of the rectifier sections of the high-voltage 
generator. 


Two features of automatic compensation, 
which greatly simplify the adjustments of the 
set, are obtained by the arrangement shown in 
fig. 7 which shows the compensating circuits 
applied to a self-rectified tube circuit. The tube 
current is made substantially independent of 
the kilovoltage by a compensating transformer 
which decreases the voltage supplied to the tube 
filament as the kilovoltage is increased. The 
kilovoltmeter, which measures the input voltage 
to all sections of the H.T. generator, also has 
automatic compensation to correct its reading 
for the regulation of the generator as the tube 
current is varied. This is done by using a 














_ 


age 


ner 
ube 
Che 
age 
has 
ling 
ube 
ga 





; 
if 
€ 
FY 
; 


5h ia sae 
Be ea 





rectifier-type voltmeter and feeding a fraction 
of the load current through the moving coil of 
rectified 


the instrument in opposition to the 
current supplied from the generator 
primary voltage. The tube and recti- 
fier valve filaments are supplied from a 
voltage stabiliser, so that they are in- 
dependent of supply voltage variations. 

The control switches are arranged in 
correct sequence along the bottom of 
the panel and interlocks are provided 
to ensure that the sequence is followed. 
The cooling water must be flowing 
before the oil circulating pump can be 
started or the head energised. This 
interlock is so arranged, however, that 
should the water supply fail during a 
treatment the head will not be switched 
off immediately, but will continue to 
operate as long as the oil temperature 
does not exceed the limit permissible 
for safety of the X-ray tube. 

Before the high tension can be 
applied to the tube several conditions 
must be met. The rectifier valve fila- 
ments must be alight, the oil flow must 
be adequate and oil temperature not 
excessive, the door of the treatment 


room must be closed, the kilovoltage must 
be at minimum, there must be a filter in 





Fig. 6.—Control with writing ledge and panels removed 
to show the simple and accessible layout. 
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place in the head, and finally the operator must 
have made a check that the filter is the correct 
This is done by means of the eight push 


one. 
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Fig. 7.—Tube-current and kV meter compensating circuits, 
in a self-rectified tube circuit. 


button pilot lamps in the bottom centre of the 
panel corresponding to the eight different filters 
for which provision is made in the head. 
The push buttons are marked with the 
characteristics of the filters and the 
one corresponding to the filter in 
position must be operated before the 
tube can be energised. This check 
must be made when the set is switched 
on or if the door of the treatment room 
has been opened, and the appropriate 
pilot lamp remains alight during treat- 
ment as an indication of the filter 
being used. 

With the tube energised, the current 
and voltage can be set to the required 
conditions and with the timer adjusted 
to the required treatment time the 
shutter can be opened by a final switch- 
ing operation. At the same time, the 
timer starts to operate and the deflec- 
tion of the galvanometer spot indicates 
that the shutter is, in fact, open and 
that the beam is of the required 
intensity. If the treatment is inter- 
rupted, the timer stops and is started 
again when treatment is resumed, so 
that the correct total time is given. 

Shortly before the end of the preset 
time a warning buzzer is sounded, and 
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finally the timer automatically terminates the 
treatment by closing the shutter. If the door of 
the treatment room is opened the head is auto- 
matically de-energised, so that the operator is 
not exposed even to the low level of radiation 
present with the shutter closed. 

A final precaution operates when the set is 
shut down, and ensures that the flow of cooling 
oil continues for at least one minute after the 
tube is de-energised to remove the heat energy 
stored in the tube anode. 

Built into the control desk there is a two-way 
loud-speaking intercommunication system be- 
tween the control and the treatment room, which 
can be switched over if required to the generator 
room above to enable a maintenance engineer 
servicing the equipment to communicate with 
the control room. 


MOUNTING OF THE HEAD. 


In the type of mounting illustrated in fig 1 
and shown diagrammatically in fig. 8 the tube 



























































October, 1949 





head is suspended between two supporting t 
tubes from the ceiling of the treatment room, so ;,, 
as to have the floor-space around it free of any | , 
encumbrance to the positioning of the treatment 


. * { v 
couch. The head hangs in ball-bearing trun- §@ , ¥, 
nions lying on a horizontal axis through its —§ ; j¢ 


centre of gravity so that it can be rotated freely 
through 280°. The supporting tubes are 
carried by a turntable mounted on a large ball- 
race on the floor of the generator room above, on 
which the whole assembly can be rotated through 
180° about a vertical axis, so that the beam can f 
be directed to any required angle in both vertical f 
and horizontal planes. Both these movements f 
are free enough to be hand-operated and are 
provided with angular scales and locks so that 
a treatment position can be accurately set and 
will not be disturbed accidentally by the patient. 
The height of the head is adjusted by a motor- | * 
driven rack and pinion gear raising and lowering | . 
the supporting tubes through the turntable. The | 
height of the focal spot above floor-level is 
adjustable from 18 ins., with the beam directed 























, |) a a upwards, to 78 ins. with the beam directed down- 
| | | wards. The full range of movement can be | 
| covered in thirty seconds, but for accurate | 
| positioning a slow speed is also provided and | Fig 
| 7 | electromagnetic brakes prevent overrun of the @ the. 
= = > | motors. : 
a | The two speeds are obtained by two motors, | 7 
, one with a five to one reduction gen 
) gear, operating through worm tab! 
gears on to a differential, which por 
MOTOR DRIVE o- CouneTeNNEIGIT enables either motor or both witl 
’ FOR VERTICAL together to drive the cross-shaft hea 
pool ee a and pinions engaging with the axis 
8 , FA s EXTERNAL racks on the supporting tubes. § rot; 
ath vi ot. re Although the suspension 1s coun- cab 
od nbs = terweighted, the gear train and looy 
TT TTITTITILALL TAL Lakes axe made strong enough tio 
sone ) N to support the whole suspended tub 
| = mass, so that double security is 7 
provided against accidental des- gen 
| cent of the head on to the met 
| patient. The turntable mount- whe 
| ing, with motor-drive and differ- mal 
ential gear box are shown in can 
; : contro. unit fig. 9, in which the oil reservoir, @ tat 
A mounted on the top cross- the 
member of the supporting mot 
aici: aiataabi columns, can also be seen. whi 
a The vertical movement is con- of 
-— ~ - == trolled by a hand lever mounted rro 
on on a control pedestal, shown in oft 
fig. 1, which can be moved to I 
ut any convenient position in the qu 
: , treatment room. The control ih 


Fig. 8.—Schematic elevation showing the arrangement of the ceiling suspension. 


lever selects the speed and direc- 











rol 
C= 








yn of movement through a system of relays, but 
' prevent accidents through failure of the relays 
open, a foot-switch at the base of the column 
connected directly in the supply leads to the 
( civing motors and must be depressed to operate 
11e drive. 


— + — a —_ 


Fig. 9.—Turntable of the ceiling suspension showing 
the driving motor and gear box and the oil conservator. 


The two stationary sections of the H.T. 
generator stand one on either side of the turn- 
table and the H.T. cables feed through the sup- 
porting tubes to slipring connections concentric 
with the trunnion mounting of the head. The 
head can therefore turn about the horizontal 
axis without movement of the cables ; in the 
rotation about the vertical axis the 
cables are flexed in the free-hanging 
loops between the two generator sec- 
tions and the tops of the supporting 
tubes. . 

This type of mounting, with the 
generator room above and the treat- 
ment room free of unessentials, is ideal 
where it can be accommodated. In 
many existing hospitals, however, it 
cannot be used because of some limi- 
tation such as ceiling height or space on 
the floor above. An alternative floor- 
mounting has therefore been designed 
which gives almost as much freedom 
of movement around the head and 
provides a similar range of movement 
of the head itself. 

In the floor-mounting, the auxiliary 
‘juipment from the generator-room 

housed in a cabinet standing against 
(ne wall of the treatment room. A 
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horizontal tube projecting from the cabinet 
carries the head in a gimbal mounting at its 
further end. This mounting provides the 
same range of motor-driven vertical movement 
by raising and lowering the supporting tube on 
two columns contained in the mounting cabinet, 
but instead of rotating about vertical and 
horizontal axes the head rotates 180° about the 
horizontal axis of the supporting tube and 250° 
about the gimbal axis which is at right angles to 
it and parallel to the tube axis. 

The centre of the head stands 4 ft. 6 ins. from 
the front of the mounting cabinet so that there 
is no significant limitation on the positioning of 
the treatment couch. By keeping the weight of 
the D.C. generators, the counterweights for the 
vertical movement and the oil-pump and cooler 
as well back in the mounting cabinet as possible, 
the overhanging weight of the head is counter- 
balanced so that the whole structure is self- 
supporting on the floor and only needs a light 
fixing to the wall. 


INSULATING AND COOLING OIL SYSTEMS. 


The H.T. transformers in the head are oil 
impregnated under vacuum after assembly in 
the tank, and the tube mounting is designed so 
that the transformers remain under oil while the 
tube is removed or replaced. An oil pipe run- 
ning through one of the supporting columns 
connects the head to a conservator tank at the 
top of the columns to allow for oil expansion. 

A separate oil system provides cooling for the 
tube anode. A pump in the cooling oil reservoir 
circulates the oil through tubes contained in the 
supporting columns to internal oil passages in 








Fig. 10.—Ojil-to-water heat exchanger ready for final assembly. 
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the anode and then to a heat-exchanger where it two balanced lead plates which are driven by ar: J T 
is water-cooled before returning to the reservoir. electric motor operated from the control desk.  [ 1e 
The oil pipes inside the head are partly of insu- The radiation quality is controlled by a system § 1€ 
lating material, and here again advantage is of interchangeable metal filters which slide into | T 
taken of the intermediate potential point to the tube head. Each filter completes a circuit [| ev: 
separate the insulation in both inlet and return through one of a series of contacts which connect f dj 
pipes into two 62:5 kV sections. with the push button checking system on the § ite 
control desk. whi 
After filtration, the beam passes through a f inet 
monitoring ionisation chamber, and the ionisa- — 
tion current produced, which is a measure of Ff} ‘R 
the radiation intensity, is measured by the I 
monitor galvanometer in the control. The f if 
chamber is hermetically sealed, so that the den- ff re 
sity of the contained air, and, therefore, the idy 
current produced in it, are independent of Th 
changes of temperature and barometric pressure. | the 
The range of applicators which define the [— mo 
beam cross-section and treatment distance fit [ be< 
into a slide which is mounted on a large ballrace | dia 
permitting 360° rotation about the beam axis. col 
Each applicator has a cast aluminium body sup- ff | 
porting two lead diaphragms, one at the tube | adi 
end to confine the beam within the applicator pa’ 
walls and a second near the patient end to reduce Ff the 
the penumbra produced by finite focal spot size ff Sol 
Fig. 11.—Oil reservoir and in the X-ray tube. The applicator end is made | inc 
circulating pump unit. of “‘ Perspex” for ease of positioning, and is | lyi 
easily removed for cleaning. mi 
In the oil-to-water heat exchanger, the oil Surrounding the applicator base-plate is a [) en 
flows through a tubular jacket in which it 1s firmly supported annular plate, also rotatable f lov 
constrained by baffles to take a zigzag course through 360° about the beam axis and carrying } mi 
across the cooling tubes which run from end to a fitting to which may be attached whatever fo! 
end of the jacket and through which the cooling type of device may be required for beam ff} of 
water flows in the contrary direction to the flow centring. ; m 
of oil. This system of cooling pipes i in 
and baffles can be seen in fig. 10 which co 
shows a cooling unit before final ag 
assembly. ; oT 
By passing the water-pipes right 2 
through the end plates of the oil jacket pn 
to separate inlet and outlet headers at ar 
the ends, the risk of leakage of water | pl 
into the oil is reduced to a minimum. . in 
The oil reservoir and pump unit 1s c 
shown in fig. 11. I fh 
The oil pump is of a conventional 3 5) 
helical gear type, but noise and wear ; a 
have been reduced to a minimum by 5 5 
driving the gears independently from a 
two similar motors, so that no appre- I 
ciable power is transmitted from one r 
gear to the other. if 
CONTROL OF THE X-RAY 


OUTPUT. 
The duration of the X-ray exposure 
is controlled by a shutter consisting of Fig. 12.—Beam control equipment on the tube-head. 





ee ta = ie ee _ ms 
Sema ieee tees thn ores an 





ice 











The view of the tank top in fig. 12 shows how 
1e beam control components are mounted on 
ie head. 

This whole assembly of beam controlling 
evices is mounted on a base-plate which is 
djustable on the tank top, and a special fitting, 
iterchangeable with the applicators, is provided 
hich enables it to be set up in accurate align- 
nent with the X-ray source. 


TREATMENT COUCH. 


In most cases the setting-up 
f a treatment position cannot 
xe accomplished entirely by 
idjustment of the tube-head. 
The treatment couch carrying 
the patient must also be easily 
moved around so that the X-ray 
beam and the part to be irra- 
diated can be adjusted to their 
correct relative positions. 

In some treatments it is an 
advantage to compress the 
patient slightly with the end of 
the applicator, so as to displace 
some of the superficial tissue and 
increase the dose to an under- 
lying tumour. In this equipment the vertical 
movement of the head is controlled accurately 
enough for this compression to be effected by 
lowering the head slowly on to the patient. This 
may, however, be a rather alarming experience 
for a patient who may be very ill or very nervous 
of the experience of X-ray treatment. It is 
much less alarming if the head is stopped an 
inch or two above the patient’s body and the 
compression obtained by raising the patient 
against the applicator by a movement directly 
operated by the radiographer. 

The treatment couch is therefore an im- 
portant item in ther therapy equipment 
and the couch illustrated in fig. 13 is sup- 
plied as an integral part of the complete 
installation. 

The couch can be moved freely about the 
floor on four double-wheel castors, and the base 
of the couch can be locked firmly in position by 
a floor-lock. The top is then movable on the 
base for final adjustment, with an 18 in. travel 
along, and a 6 in. travel across, its length. 
These two movements have locks which can be 
released either independently or simultaneously 
if a diagonal travel is needed. 

The couch top can be raised through 6 ins. 
by a pedal operated hydraulic jack which drives 
four coupled gears engaging with racks, one at 
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each corner, so that the top is raised uniformly 
as a whole and is rigidly supported at all heights. 
A release valve on the jack allows the top to fall 
again under its own weight. 

All the controls for the floor-lock, for raising 
and lowering, and for the horizontal movements 
of the couch top are duplicated, one set at each 
side of the couch so as to be readily accessible to 
the operator from any position. 





Fig. 13.—Treatment couch. 


FINISH. 


Most X-ray therapy equipment is finished 
either in black or in a light cream shade. Neither 
seems ideal for the purpose ; the black because 
of its depressing effect and its tendency to en- 
hance the apparent bulk of the apparatus sus- 
pended over the patient, the cream because it 
suggests the operating theatre and also because 
of the difficulty of reproducing the shade if 
auxiliary equipment should be required to 
match. 

In this equipment the experiment has been 
tried of finishing in pale green enamel with 
chromium plating and polished aluminium on 
some of the working parts. The tube head, 
couch and control desk are all finished in this 
colour, and even the operator’s chair is in a 
matching shade of green leather. 

The whole effect is very pleasing and has 
received much favourable comment from 
radiologists who recognise that consideration for 
the mental state of the patient is a not un- 
important factor. 
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Review of the Applications of V.H.F. 
Radio Communications 


E. W. NORTHROP, M.Eng. 
G.E.C. Radio Department. 


INTRODUCTION. 

URING the last decade considerable 
advances have been made in the science 
of radio communication, and in particular 

the utilisation of frequencies in the very high 
frequency (V.H.F.) band has_ considerably 
broadened the scope of radio communication 
for industrial use. 

Until recent times the use of V.H.F. radio 
communication has been largely confined to 
such bodies as the Armed Services, Police, Posts 
and Telegraph Departments and Fire Services, 
but as a result of the International Telecom- 
munications Union Conference held at Atlantic 
City in 1947, a number of frequency channels 
has been allocated for industrial and other 
private uses throughout the world, and there 1s 
no doubt that V.H.F. radio communication can 
play an important part in these fields in the 
future. 

The application of V.H.F. radio communica- 
tion can be divided into two main categories :— 


(a) Mobile communication between a fixed 
point and units installed in cars, ships, 
aircraft, etc. 

(6) Point-to-point communication between 
fixed stations to supplement or take the 
place of land lines. 


In developed countries, mobile communication 
is the more important, allowing considerable 
scope for the application of new methods to prob- 
lems which cannot be overcome by means of 
land-line communication. In undeveloped terri- 
tories, where the construction and maintenance of 
land lines is difficult or costly, or where, for 
security reasons, a physical circuit 1s undesir- 
able, there are many cases where V.H.F. point-to 
point radio offers the only practicable solution. 
ADVANTAGES OF USING THE VERY HIGH 

FREQUENCIES. 

The very high frequencies are defined as lying 
between 30 and 300 Mc s, and these have funda- 
mental advantages over the lower radio frequen- 


cies. The range obtainable is limited and 
reasonably definite in extent—15 to 25 miles 
between a mobile unit and fixed station, 40 to 
50 miles between fixed stations, depending on 
the type of terrain—the transmitter power 
required to cover these ranges is small, and a large 
number of frequency channels can be accom- 
modated in the V.H.F. spectrum with sufficient 
spacing to prevent interference. These funda- 
mental advantages make it possible for the 
licensing authorities to allow the use of V.H.F. 
by private industrial users. In addition, V.H.F. 
has other advantages as compared with the 
lower frequencies, which may be summarised as 
follows :— 


1. There is a minimum of fading, and propa- 
gation is sensibly constant throughout the 
24 hours, provided that the equipment is 
not working at the limit of its range. 


2. As the propagation remains constant it is 
not necessary to change frequency to allow 
for varying conditions. This permits the 
use of fixed frequency equipment so that 
operation can be reduced to the same 
standard of simplicity as for a line telephone. 


3. The small physical dimensions of the aerial 
systems involved enable highly directive 
arrays to be erected within a small compass. 


4. The received noise level due to atmospheric 
and man-made static is low, resulting in 
a high level of speech quality. 


5. Propagation is by direct radiation which is 
sensibly free from selective fading. This 
allows frequency modulation to be used 
for impressing speech intelligence on to 
the radio frequency carrier. This gives 
slightly greater ranges, together with a 
more constant signal over the service area 
and allows the design of smaller and more 
efficient transmitters. 

Amplitude modulation is also used and 
has been standardised for some applica- 
tions, such as air-to-ground communication. 
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PLANNING A V.H.F. SCHEME. 


According to the type of communication and 
facilites required, wide variations can be made 
in the design of a V.H.F. scheme to meet the 
2xact requirements for a particular project. 
Three methods of working are possible : simplex, 
two frequency simplex, or duplex ; the correct 
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Fig. |.—Simplex working. 


type of control arrangement must be chosen to 
give the required facilities, and such factors as 
transmitter power, frequency, siting of stations 
and aerial height must be taken into consider- 
tion according to the range required and type of 
country in which the scheme has to work. 
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Fig. 2.—Two frequency Simplex working. 


METHOD OF WORKING. 
Simplex. 

This is the simplest scheme employing a single 
frequency for transmission and reception so that 
it is necessary to switch the transmitter and 
receiver alternately on and off, and transfer the 
aerial when transmitting and receiving (fig. 1). 
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Fig. 3.—Duplex working. 


The scheme has the advantage of complete flexi- 
bility as, if there are a number of fixed stations 
and mobile stations in a scheme, it is possible for 
any of the stations to communicate directly with 
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any other provided, of course, that they are 
within the working range of each other. For 
mobile use the scheme also has the advantage 
that a minimum of battery power is used when 
operating the equipment. The disadvantage of 
the scheme is that a “‘ press-to-speak ” key must 
be operated while transmitting and so it is 
impossible to speak simultaneously in both 
directions. This can, however, be an advantage 
if there are a large number of stations within a 
scheme, as it leads to short factual messages 
rather than lengthy conversations. 


Two Frequency Simplex. 


Where communication is required between a 
single fixed headquarters station and a number 
of outlying mobile or fixed stations, two fre- 
quency simplex can be used (fig. 2). With this 
scheme the transmitter and receiver are switched 
alternately as with single frequency simplex, but 
a different frequency is used for transmitting and 
receiving from the headquarters station. The 
scheme is particularly advantageous when it is 
desired to invest control entirely in the central 
headquarters stations, as it is possible for the 
outlying stations to hear a message from the 
central station although an outlying station may 
be transmitting. 

It is possible for outlying stations to communi- 
cate with one another through the central station 
by connecting the receiver output to the trans- 
mitter input at the central station, but they can- 
not communicate directly. Where it is necessary 
to operate more than one scheme from the same 
headquarters station, or an adjacent headquarters 
station, the scheme has the advantage that the 
transmitter and receiver frequencies can be 
widely spaced to prevent interference from the 
transmitter of one scheme with the receivers of 
the other schemes. 


Duplex. 


With duplex working (fig. 3) a different fre- 
quency is used for transmitting and receiving 
from the same station, and the transmitter and 
receiver are switched on at the same time. To 
achieve this it is mecessary to have a separate 
aerial for the transmitter and receiver, spaced 
sufficiently to prevent interference, or alterna- 
tively to use a filter system to allow connection of 
the transmitter and receiver to the same aerial. 
The scheme has the advantage that operation is 
the same as with a line telephone and simultane- 
ous two-way conversation is possible. For point- 
to-point links where linking on to a telephone 
exchange is required, this method of working 
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gives the most satisfactory arrangement, as exactly 
the same facilities can be provided as with a 
land line. For mobile working, the scheme has 
the disadvantages that the battery drain is 
slightly higher than with simplex and that the 
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Fig. 4.—The manager, Norfolk Sub-Area of the Eastern 

Electricity Board, using a remotely controlled Head- 

quarters Station, communicating with engineers in the 
field by means of “.H.F. radio. 


operation of the transmitter while receiving is in 
progress is likely to produce noise in the receiver 
by virtue of the radio frequency currents induced 
in the car chassis, and this may reduce the 
working range slightly. 
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Fig. 5.—Schematic showing the principles of an area coverage scheme. 
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METHODS OF CONTROL. 
Local Control. 


Control can be arranged from a telephone 
instrument connected directly to the transmitter 
receiver. This is the simplest arrangement but 
not always convenient in practice as it is often 
desirable to have a control point situated at 
some distance from the transmitter. 


Extended Control. 


By means of multi-way cable it is possible to 
arrange control of the transmitter/receiver from 
a telephone instrument situated up to about 
300 ft. from the equipment. Indication of a 
call is usually given by means of a loudspeaker 
arranged in the base of the telephone instrument 
which is automatically disconnected when the 
instrument is lifted and the receiver output 
transferred to the handmicrotelephone earpiece 
for normal operation. 


Remote Control. 


It is often desirable to site a transmitter 
receiver station at some high point in order to 
obtain the optimum propagation conditions and 
arrange operation from a point some miles away. 
By means of remote control equipment it is 
possible to operate the transmitter/receiver over 
a single pair of telephone lines up to a distance 
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co: 5 to 10 miles (fig. 4). It is also possible to 

-vrrange a V.H.F. radio link as standby to the 
lephone lines and to control the main trans- 
\itter/receiver over this link, should the tele- 
10ne lines become faulty. Calling at the control 
oint can be either by loudspeaker or by means 
~a bell which continues to ring until the radio 
ill is answered. 


elephone Exchange Matching. 


Exchange matching units have been developed 
‘hich enable a V.H.F. scheme to be connected 
cn to any type of manual telephone switchboard 
. that any subscriber on the board can be con- 
nected to the V.H.F. link or mobile service. It 
is also possible to connect on to automatic 
telephone switchboards and to dial the required 
subscriber over a V.H.F. link. 


Selective Calling. 

With a V.H.F. communications scheme in- 
volving a central headquarters station and several 
outlying fixed or mobile stations, it 
is sometimes a disadvantage for all 
the outlying stations to be disturbed 
by a call made to one of the stations. 
In this case selective calling can be 
adopted, whereby the headquarters 
station calls the particular outlying 
station required by dialling a num- 
ber. This causes a bell to ring at 
the particular outlying station with- 
Out any indication being received at 
the other stations. 

Two types of selective calling 
have been developed—tone and im- 
pulse. With the simpler type the 
central station sends out a series of 
audio tones each of which corre- 
sponds to a tuned audio circuit at 
each particular outlying station. 
With the impulse type of selective 
calling the headquarters station 
sends out a series of audio pulses 
which step round selector switches 
at the outlying stations, each station 
being called according to the switch 

ontact at which the selector comes 
io rest. Various special facilities are 
vailable such as the ability to call 
‘roups of stations as well as individ- 
ial stations, and the ability to call 
il stations simultaneously when it 
desired to circulate a general 
1essage. 


.REA COVERAGE. 
schemes 


With involving com- 


Fig. 6.—Typical 
vertically and horizontally polarised directional aerials mounted 
on a common mast. 
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munications with a fixed headquarters station and 
mobile stations over a large area, it is possible that, 
due to the topography of the area to be covered, 
one headquarters station will not cover the entire 
area. The problem can be overcome by using a 
central headquarters station and a number of 
satellite stations connected to the headquarters 
stations by radio links. The frequencies of all the 
satellite transmitters are exactly or approximately 
synchronised to the main headquarters trans- 
mitter as reception will be possible over a wide 
area from several of the stations simultaneously. 
This has been achieved by controlling the radio 
link frequency from the headquarters station to 
the satellite stations by means of the main head- 
quarters carrier frequency, and using the link 
frequencies in turn, to control the frequency 
radiated from the satellite stations. 

Various refinements are necessary such as the 
provision of a delay network in the main trans- 
mitter to ensure that the radiation from each 
of the transmitters arrives at points in the service 








V.H.F. aerial installation in Malaya, showing 
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area with the same phase relationship, and the 
provision of a mixer unit which selects the 
Strongest signal received from the various 
satellite stations and suppresses the weaker 
signals with high noise content. A diagram 
illustrating such a scheme is shown in fig. 5. 


CHOICE OF TRANSMITTER POWER. 


The effective range of a V.H.F. station 
depends, among other factors, on the trans- 
mitter power, the signal strength varying directly 
as the square root of the transmitted power. 
However, the signal strength falls off more 
rapidly beyond the optical range so that the 
increase in range is by no means directly propor- 
tional to the increase in transmitter power. In 
general, there is a limit beyond which it is not 

















Fig. 7.—5S00 watt frequency modulated 
V.H.F. transmitter receiver. 


economical to increase the transmitter power as 
the increase in range is slight, and a transmitter 
power of 100 or 500 watts is usually adequate for 
a fixed station used either as a central station in a 
mobile scheme or as a point-to-point link station. 

For a mobile station, the limiting factor is 
battery consumption, and powers of 15 to 30 watts 
represent the maximum which can be obtained 
without undue current drain from the battery. 
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CHOICE OF FREQUENCY. 


The frequency channels in the V.H.F. banc 
which have been allocated for the private user 
lie approximately between 31 and 200 Mc's 
The choice of a particular frequency for a scheme 
is determined by the type of scheme, the range 
which is required and the restrictions placed on 
the user by the licensing authorities. 

At the lower frequencies (i.e. 30-40 Mc/s), 
the noise level is higher than at the higher fre- 
quencies, but the attenuation beyond the optical 
path is less, so that slightly greater ranges are 
possible. At the higher frequencies the range 
becomes nearer to optical, but the noise inter- 
ference from man-made static becomes lower. 
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Fig. 8.—100 watt frequency modulated 
V.H.F. transmitter /receiver. 


For mobile schemes where a fair degree of 
noise interference is likely to be encountered 
from the ignition system of cars, etc., the best 
frequency has been found from experience to 
lie in the region of 70 to 90 Mc's. In this band 
the noise level is reasonably low, the range ob- 
tained is good, as these frequencies will bend 
appreciably beyond the horizon, and the aerial 
on the mobile units is conveniently small. 
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For point-to-point schemes using directional 

‘rials, frequencies in the 70 to 90 Mc/s band 
e also convenient as they give a good range 

- id the size of the directional array is not 
<cessive. Where lesser ranges are required it 
better to use a higher frequency so as to leave 
1e lower frequency spectrum free for use with 
nks requiring the maximum range. 


HOICE OF SITE AND AERIAL HEIGHT. 


The most important factors in obtaining the 
1aximum range for either a point-to-point or 

taobile V.H.F. scheme are the choice of a good 
cite and the erection of a high aerial. The range 
of the equipment is largely dependent on the 
distance of the optical horizon, 
end increases directly as the 
summation of the square roots 
of the aerial heights at both ends 
of the link. For point-to-point 
schemes a good aerial height at 
both ends of the link is desir- 
able. For mobile schemes the 
fixed station aerial should be as 
high as possible in order to 
offset the low aerial height of 
the mobile unit. A _ typical 
V.H.F. aerial installation 1s 
shown in fig. 6. 

A good V.H.F. headquarters site should be in 
as high a position as possible and the ground 
should fall away rapidly in the direction of 
propagation so that the effective aerial height in 
that direction is a maximum. If possible, the 
aerial should be higher than surrounding ob- 
stacles, but if this is impossible the aerial should 
be spaced as far away from the obstacles as can 
be arranged. 

The maximum mast height which can be used 
depends on two factors: the cost of the mast 
and the length of aerial feeder which has to be 
used. Usually, for simple V.H.F. schemes, a 
mast height of 80 to 100 ft. is considered the 
limit, as with this height it is possible to use a 
single steel pole and the cost is low. With 
greater heights more complicated mast structures 
are required and the cost increases considerably. 
Also with the type of lead covered polythene 
insulated coaxial feeder usually employed for 
such installations, the feeder loss is such that 
ii is not normatiy desirable to use feeder lengths 
of greater than 150 to 200 ft., and in general 
( uls corresponds to a mast height of 80 to 100 ft. 


| OWER SUPPLIES. 

The power supply for the fixed station equip- 
rent is normally arranged for a 200-250 volt or 
10-120 volt, 50/60 cycle, A.C. mains supply, 
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and in developed territories this is generally 
available. Where no mains supply is available, 
prime mover generators have to be used either 
of the petrol or diesel type. Where continuous 
service is required it is usual to provide standby 
generating equipment with automatic facilities 
allowing changeover from one generator to the 
other in the event of failure. 

Where a 20 watt fixed station is required and 
there is no power supply available, the battery 
operated mobile equipment can be used as a 
fixed station. A prime mover battery charger 
is necessary and is usually arranged to switch 
itself on automatically after the battery has 
discharged to a predetermined level, and switch 





Fig. 9.—20 watt single unit F.M. V.H.F. fixed station transmitter receiver. 


itself off when the battery is charged. An alterna- 
tive method, if meteorological conditions are suit- 
able, is to use a windmill battery charger. 

For the mobile equipment the car battery may 
be used if the car dynamo has a sufficient 
charging rate to keep it fully charged. Usually, 
however, it is necessary to fit a large capacity 
dynamo and large capacity battery either as an 
entirely separate supply for the radio equipment 
or as a combined car and radio equipment 
supply. Another method is to have a separate 
high capacity battery for the radio equipment 
which is removed and charged daily, or as 
operating conditions require. 


EQUIPMENT. 
FIXED STATION. 

Figs. 7, 8 and 9 show 500 watt, 100 watt and 
20 watt transmitter /receivers which are suitable 
for fixed station use. All the transmitter 
receivers have been designed for tropical use 
and are fitted with forced air ventilation and 
dust filters. The latter prevent the ingress of 
dust when the equipment is used under dry 
desert conditions, or the ingress of insects, 
rodents and snakes when the equipment is used 
under jungle conditions. The transmitters are 
all provided with facilities for metering the 
necessary stages. Provision is made for local 
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control for testing purposes or for any of the stan- 
dard types of control previously described. 


MOBILE STATION. 


Figs. 10 and 11 show a 20 watt F.M. V.H.F. 
single unit mobile equipment. The equipment 
comprises a transmitter unit, receiver unit and 
power supply unit suitable for either a 6 or 12 volt 
battery supply voltage. 







POWER UNIT 


TRANSMITTER UNIT 


Fig. 10.—Construction details of the single unit mobile equipment. 


The transmitter and receiver units are held 
by quick release fixings so that they can be 
readily removed for servicing, and replaced by 
spare units to obviate servicing delays. The 
apparatus is equipped with forced air ventilation 
and dust filters, the latter being even more 
important for mobile use than for fixed stations. 
Particular care has been taken with the design 
to reduce the size and weight of the equipment 
to a minimum by the use of miniature com- 
ponents and valves. To ease the 
problem of servicing and the stocking 
of spares, the number of different 
valve types has been reduced to three 
for the complete transmitter /receiver. 
Both transmitter and receiver are 
crystal controlled and include a facility 
for switching to an alternative crystal 
to give two channels spaced within 
400 kc 's at the signal frequency. 

The transmitter receiver equipment 
is usually installed in the luggage 
compartment of a car or truck and 
connected by means of multi-way con- 
trol cable to a controller situated in 
some convenient operating position 
(fig. 12). The controller incorporates 
a loudspeaker which is used for calling, 
and operation is from a handmicro- 
telephone which, in the case of simplex 
working, is fitted with a “ press-to- 
speak” Key. 


INTER-UNIT CONNEXKION 


RECEIVER UNIT 
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PACK SET EQUIPMENT. 


A pack set suitable for carrying on a man’s 
back or mounting on a bicycle is shown in 
fig. 13. The equipment comprises a transmitter 
with an output power of 0-25 watts, a receiver 
with a sensitivity of 1 u«V, and power supply 
unit, complete with a 6 volt unspillable lead acid 
accumulator. Theentire equipment weighs 24 lbs. 
and is arranged in a canvas carrying case. Special 
care has been taken in the design 
to make the equipment com- 
pletely watertight, and the trans- 
mitter and receiver are mounted 
on rubber mountings to with- 
stand shock. A telescopic aerial 
is fitted to the equipment, but 
provision is made to allow the 
connection of a separate aerial by 
means of a length of coaxial feed- 
er to give greater aerial height 
and therefore increased range. 


PROTECTED MOBILE EQUIPMENT 


For use on locomotives, coal 
cutters and ore handling plant, 
a more rugged type of mobile 
equipment is required with a greater resistance 
to shock, completely sealed against the ingress of 
steam or water, and with a sufficiently strong 
Outer case to withstand the impact of heavy 
pieces of coal or ore. The equipment shown in 
figs. 14, 15 and 16 is used for this purpose. The 
cast outer case is completely sealed and acts as 
a heat exchanger to provide cooling for the 
mobile equipment. The actual equipment used 
is the 20 watt single unit mobile type mounted 





Fig. |11.—Typical mobile installation showing the transmitter /receive: 
in the luggage compartment of a car. 
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n a shock resisting tray which slides out 
f the exterior case to give access to the equip- 
1ent. 

The equipment illustrated includes a selective 
alling unit the operation of which has been 
‘reviously described. Its use in this particular 
pplication is important, as bell calling is essen- 
ial in view of the high noise level in the type 
f vehicle with which it is used. 

It is designed for operation from either a 12 
volt accumulator or from a 600 c/s A.C. supply, 
»btained by means of a low-pressure steam tur- 
cine connected to a locomotive boiler. 


AIRCRAFT EQUIPMENT. 


A single channel lightweight V.H.F. trans- 
mitter/receiver for use in aircraft is shown in 
fig. 17. The complete unit, which includes 
transmitter, receiver, and a 24 volt power supply 
unit, weighs only 8} lbs., and has a range of 
about 30 miles from a height of 10,000 ft. It is 
particularly suitable for use in small private craft 
and complies with A.R.B. standards. 


MULTI-CHANNEL EQUIPMENT. 

For point-to-point links, where more than 
two or three channels are required, multi- 
channel equipment can be used to give 7, 12 or 
24 speech channels over one V.H.F. link. 
The multi-channel equipment is of the standard 
post-office type, using frequency division multi- 
plex. The output is fed into a V.H.F. equip- 
ment with a sufficiently wide frequency res- 
ponse and low distortion to accommodate all 
the channels. 
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Fig. 19 shows a typical transmitter. It has 
a frequency range of from 70 to 88 Mc/s and 
the power output is 100 watts. 

Where it is not possible to cover the desired 
range with a terminal at either end, an automatic 
repeater station is used which relays the multi- 





Fig. 13.—Pack set adapted for use on a bicycle. 


channel carrier on another R.F. signal 
frequency without demodulating the 
incoming F.R. signal. 


APPLICATIONS. 
CIVIL ENGINEERING AND LARGE-SCALE 

AGRICULTURAL PROJECTS. 

For such large-scale engineering 
projects as hydro-electric schemes and 
the erection of large aerodromes in 
undeveloped territory, and agricul- 
tural projects such as the Ground 
Nuts schemes, V.H.F. radio communi- 
cation has been used to provide the 
necessary communication from the 
time that the initial survey was made 
until the final complex communication 
network was installed. 


Survey Parties. 
For carrying out surveys using 


Fig. 12.—Mobile controller installed on the dashboard of a car. triangulation points, V.H.F. com- 
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munication is ideal, as the nature of tri- 
angulation points makes them good V.H.F. 
sites, and with such sites on hill tops with 
clear views to other sites, ranges of the 
order of 50 to 100 miles may be obtained. For 
this use the single unit 20 watt equipment is 
suitable, mounted in a wooden transit case for 
transport by mule or by porters. The weight 
of the equipment is only 35 lbs., and even in a 
substantial teak carrying case this can 
be readily transported in rough coun- 
try. 

For the aerial equipment a light 
s-wave dipole is used, mounted on a 
light steel or aluminium mast, 20 
to 30 ft. in height. The power 
supply is obtained from a 12 volt 
accumulator which can be charged 
with a portable wind charger or 
small petrol electric generator. 


Mobile Communication. 


In commencing operations, com- 
munication may be required between 
a fixed station at the base camp and 
trucks working within a radius of 
15 to 25 miles. For this type of work, 
a 20 watt or 100 watt headquarters station 
is installed in the base camp, either in a 
building or in a suitable control van, and the 
single unit mobile equipment installed in 
the trucks. Communication is possible while 
the truck is moving, or alternatively the 
truck can be parked and used as a com- 
munication centre. In the latter case a light 
portable aerial can be carried and, by erect- 





Fig. 14.—Protected type mobile equipment. 
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ing this on a light mast or in the branches 
of a tree, a greater service range can be obtained. 
When the truck is used as a communication 
point some form of calling device is usually 
required and a simple method is to arrange for 
the automobile klaxon to sound when a call is 
received. 

Pack sets have also been used with advantage 
at this stage to enable personnel to communi- 





Fig. |5.—Protected type mobile equipment, interior view. 


cate with the control van or with each other. 
The range obtainable between pack sets depends 
very much on the type of terrain, but in reason- 
ably clear territory ranges up to 10 miles are 
possible provided that good sites are chosen. 


Base Camp and Outlying Camps. 


When development of a project reaches 
the stage where there is a base camp 
and several outlying camps, V.H.F. 
can be used to provide communi- 
cation. between them. A _ single 
frequency simplex scheme is usually 
most suitable because of its flexi- 
bility, and battery operated 20 watt 
equipment is used for the outlying 
stations. In order to obtain a good 
range 80 ft. portable steel masts 
are erected and communication is 
possible over distances which will be 
determined by the type of terrain. 
In flat desert or scrub country ranges 
of the order of 40 to 50 miles are 
usual. In flat jungle country with 
heavy afforestation up to a height 
of, say, 150 ft. this range is generally 
reduced to the order of 20 to 25 
miles, and it is desirable to site the 
stations in open spaces if possible. 
In hilly country the ranges will be 


entirely dependent on the siting of 
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he stations ; with the stations on top of hills 
anges as great as 100 miles may be obtained, 
ut with the stations in valleys the range may 
e reduced to a few miles only. 





Fig. 16.—Controller for protected equipment. 


Again pack sets are used for communication 
with the outlying camps by supervisors working 
within a radius of 5 to 10 miles from the 
camps. 


Permanent Communications. 


In many cases V.H.F, point-to-point duplex 
links are taking the place of telephone lines 
between important centres when a project is 
completed. The links can be connected to 
telephone exchanges and if more than one circuit 
is required between two points links can be 
used side by side. If many circuits are required 
multi-channel equipment can be used. 

The use of V.H.F. links enables natural 
obstacles such as river crossings to be overcome, 
and if the territory is unsettled provides a more 
reliable means of communication. The experi- 
ence gained using V.H.F. communication while 
A project is in progress makes possible accurate 
planning of the permanent stations and their 
sites so that the communications of the project 
-an be planned as a progressive scheme from the 
beginning to the end of operations. 
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In addition to point-to-point links, mobile 
communication may also be of use in the final 
installation for such purposes as fire fighting 
and pest control. 


ELECTRICITY UNDERTAKINGS. 

V.H.F. radio communication is finding an 
increasing use in this country by electricity 
undertakings, for mobile communication with 
repair gangs on transmission line systems and 
with maintenance engineers working on con- 
sumer distribution systems. 


Transmission Line Systems. 


For this application the headquarters station 
is controlled from the main transmission centre 
and contact maintained with repair gangs 
operating from trucks or vans. In order to 
cover a sufficient area, subsidiary fixed stations 
may be necessary at substations and these can 
be automatic in operation, controlled from the 
headquarters station or operated as entirely 
separate headquarters stations. Pack sets are 
also utilised to communicate between the repair 
trucks and personnel working on the line. 

A further use for V.H.F. communication in 
undeveloped territories is found as a fixed point- 
to-point network between transmission line sub- 
stations. Where violent storms are encountered 
which damage overhead lines this communication 
is invaluable, as normal line communication is 
similarly affected at the time when its use is most 





Fig. 17.—Single channel aircraft transmitter receiver, 
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ssential. V.H.F. point-to-point links can also 
> used for fault indication and switching by 
eans of voice frequency signal impulses. 


onsumer Maintenance. 


For contact between service men on consumer 
iaintenance a headquarters station is installed 
' the control point of the system and mobile 
juipment installed in the service vans. The 
ivantage of such a scheme is that it makes 
ossible the immediate mobilisation of service 
ersonnel at the required point in an emergency 
id avoids lost time as the personnel can be 
:outed in the mest efficient manner. Another 
advantage is that difficulties can be reported 
immediately and advice given on the spot. 


| ORESTRY DEPARTMENTS. 


Where Forestry Departments are not too great 
in extent or are situated in hilly territory where 
long V.H.F. ranges can be obtained, V.H.F. 
radio communication offers many applications 
for routine patrol work and fire fighting. During 
the dry season the fire hazard is often pre- 
dominant and it is necessary to establish look-out 
posts on high points to report fires immediately. 
Such look-out posts make ideal V.H.F. sites 
as they overlook the territory and provide excel- 
lent headquarters stations for communication 
with fire control vans at the seat of the fire. With 
such a communication system, a saving of many 
thousands of pounds a year may be possible, 
not only by virtue of the reduction in damage 
to the forest brought about by the increased 
fire-fighting efficiency, but also because the 
labour force required to fight the fire can be 
recruited only when really necessary and 
directed to a place where it will be of most use. 

In addition to fire control vans fitted with 
20 watt mobile equipment, pack sets are used 
by patrolling foresters to maintain contact with 
the patrol van. For this purpose it is usual to 
equip the van with a portable aerial which can be 
erected on a high tree to give the maximum range. 

If no power supply is available at the look- 
Out post, battery-operated equipment can be 
used together with a petrol generator or possibly 
a wind charger. 


/OCK AND HARBOUR AUTHORITIES. 


By virtue of its restricted range and simplicity 
' operation, V.H.F. communication is finding 
icreasing scope for communication between 
igs and pilot vessels in harbours or on restricted 
ctions of rivers. A typical installation of the 
. J watt mobile equipment made for the Dundee 

arbour Authorities, is shown in fig. 20. 
y means of a fixed control station in the Har- 


la — —. 
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Fig. 19.—Transmitter for multi-channel working. 


bour Office, vessels can be routed more efficiently 
and full advantage can be taken of their position 
at a particular time as it is unnecessary for them 
to return to the office for each new assignment. 

Another use is for a portable equipment 
which can be carried aboard visiting ships to 
maintain contact with the shore telephone 
switchboard. This method obviates the use 
of harbour submarine cables, the maintenance of 
which is both troublesome and costly. 


RAILWAYS. 


V.H.F. mobile equipment finds many applica- 
tions for railway working and is particularly 
useful for communication between the signal 
box and shunting locomotives in large mar- 
shalling yards enabling operations to be carried 
out which would otherwise be impossible with- 
out highly elaborate signalling systems. Special 
problems are encountered when mounting 
equipment on locomotives, and with steam 
locomotives protected equipment is necessary. 
As the standard mobile equipment is fitted with 
dust filters, however, it can be used on diesel 
or electric locomotives without special protection. 
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STEEL COMPANIES AND MINES. 


V.H.F. mobile communication can be used 
by steel companies for communication between 
mobile handling plant and the control station. 
Also it may be used on locomotives handling 
Ore in a similar manner to that for railway 
marshalling yards. A description of such a 
scheme recently installed at the Corby Works 
of Stewarts and Lloyds, Ltd., has been described 
in the previous issue of this Journal.! 





Fig. 20.—Two-way radio telephone communication in 
use in the wheelhouse of a pilot cutter of the Dundee 
Harbour Pilotage Authority. 


OIL COMPANIES. 


As oil companies often work in undeveloped 
territories there are many applications for 
V.H.F. radio which are becoming increasingly 
important. In addition to the various uses 
described under large civil engineering projects, 
there are special applications which are peculiar 
to oil company working : 

(a) For communication with vehicles visiting 

oil wells and patrolling pipe-lines. 
6) For communication with experimental 
drilling points where it is not justifiable 


‘‘Iron Ore Preparation Plant,”’ by A. W. LEADBEATER and 
OLiver THOMAS, G.E.C. Journal, Vol. XVI, No. 3, July, 1949. 
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to erect a permanent telephone line as th: 
drilling might not prove suitable. 

(c) For communication along a pipe-lin: 
where reliable communication is abso- 
lutely essential in order that pumping 
pressures along the line may be correctly 
adjusted. This type of application can 
be extremely complicated and involve the 
use of multi-channel equipment to provide 
the necessary number of speech channels 
along the line and between important 
centres. Telemetering of oil pressures 
along the line is also-possible by means of 
the V.H.F. link. Such a scheme is at 
present in the course of construction for 
a pipe-line in the Middle East, details of 
which have been given elsewhere. 

(d) For communication between the shore 
and a vessel loading oil, so that pumping 
can be correctly regulated. 

(e) For harbour communications to tugs and 
other vessels. 

(f) For communication with aircraft operated 
by the company. 

An illustration of a scheme recently supplied 
to an oil company is shown in fig. 18. The 
scheme provides for fixed point-to-point duplex 
communication between stations “ A ” and “ C”’, 
also two separate channels between stations 
‘“*A” and “ B ” with connection into a telephone 
exchange at both ends of the link and duplex 
communications with eight harbour vessels and 
station “B”, with provision to connect the 
vessel communication links on to the main 
telephone switchboard. 


CONCLUSION. 

The uses which have been found for the very 
high frequencies during the past few years are 
considerable, and in many cases the task of the 
project engineer has been eased by the new 
communication facilities which are placed at his 
disposal. The science is, however, a new one 
and rapid advances are being made which it is 
hoped will considerably increase the scope for 
new applications in the future. 
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Colour and Lighting 





By G. T. WINCH, M.I.E.E., F.Inst.P., F.1.E.S. 


1) INTRODUCTION. 
T ‘HE progressive develop- 
4} ment of fluorescent and 
other electric discharge 
‘amps and their increasing 


application in lighting in- 


stallations, not only for utili- 
tarlan purposes, but also 
for recreational lighting in 
the home and elsewhere, has 
created a growing interest in 
the colour and colour-render- 
ing properties of these lamps. 
Colour consciousness 1s in- 
creasing and is not limited 
only to the lamps, but also 
includes the coloured decora- 
tions and the whole aesthetic 
effect. This situation has 
naturally stimulated research 
into the factors which in- 
fluence the choice of the 
colour-rendering properties 
of the lamps in conjunction 
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The subjective and objective 
colour problems involved in the 
choice of colour-rendering pro- 
perties of electric discharge lamps 
are outlined. Subjective chro- 
matic adaptation effects are tllus- 
trated and a measure of correla- 
tion 1s shown to exist between the 
changes in subjective colour ap- 
pearance and objective measure- 
ments of physical stimuli. Con- 
sideration is given to the visual 
and photoelectric methods of 
objective colour measurement 
used in the control of lamp 
manufacture and for the guidance 
of lighting engineers. 

It 1s shown that the outstand- 
ing problem is the formulation of 
the factors which influence the 
user in deciding which objective 
colour-rendering characteristics 
are acceptable in various circum- 


acceptable to the user 
in providing an appro- 
priate level of ilumin- 
ation and colour ren- 
dering suited to the 
application, thus con- 
tributing towards the 


overall aesthetic 
effect. 

These three general prob- 
lems include associated de- 
tailed problems involved in 
the objective measurement of 
light and colour, together 
with an understanding of the 
subjective aspects of colour 
and their correlation with the 
objective measurements. 

A very great deal of work 
has already been done to- 
wards the solution of these 
problems by specialists in the 
various fields of interest, 
which may not be familiar to 





with the colour and design stances. 


of the decorations with which 





many who have only a general 
interest in these subjects. 








they will be used. 

The ultimate decision as to whether the colour 
and colour-rendering properties of lamps are 
acceptable will clearly depend on the user’s 
subjective appreciation of them in the particular 
surroundings in which they are used. The 
lamp manufacturer and lighting engineer who 
are responsible, respectively, for providing the 
lamps and designing the lighting installations 
are, therefore, faced with the following problems. 

(1) The choice of the minimum number of 
“colours” of lamps to be manufactured 
which will provide acceptable colour 
rendering in the main classes of lighting 
application. 

11) The control in manufacture of the colour 
and colour-rendering properties of the 
lamps to ensure uniformity in_ these 
characteristics to the necessary accuracy. 

1) The design of lighting installations 

incorporating these lamps, which will be 





It is the purpose of this 
article, therefore, to indicate the complexity of 
the problems enumerated above, to draw atten- 
tion to the work which has already contributed 
towards the solution of many of them, and in 
the later sections to refer to some of the out- 
standing problems which are still under investi- 
gation. 


(2) SUBJECTIVE ASPECTS OF COLOUR. 

Most of the subjective colour phenomena to 
which reference will be made have been known 
from the time of Helmholtz' since when there 
has been steady progress towards their under- 
standing. Only comparatively recently has the 
work of Judd* and others shown that the sub- 
jective appearance of colours under different 
viewing conditions can be correlated with the 
objective colour measurement with a consider- 
able measure of success ; these correlations will 
be dealt with in section (8). 
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STEEL COMPANIES AND MINES. 


V.H.F. mobile communication can be used 
by steel companies for communication between 
mobile handling plant and the control station. 
Also it may be used on locomotives handling 
Ore in a similar manner to that for railway 
marshalling yards. A description of such a 
scheme recently installed at the Corby Works 
of Stewarts and Lloyds, Ltd., has been described 
in the previous issue of this Journal.! 





Fig. 20.—Two-way radio telephone communication in 
use in the wheelhouse of a pilot cutter of the Dundee 
Harbour Pilotage Authority. 


OIL COMPANIES. 


As oil companies often work in undeveloped 
territories there are many applications for 
V.H.F. radio which are becoming increasingly 
important. In addition to the various uses 
described under large civil engineering projects, 
there are special applications which are peculiar 
to oil company working : 

(a) For communication with vehicles visiting 

oil wells and patrolling pipe-lines. 

(6) For communication with experimental 

drilling points where it is not justifiable 
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communication between stations “‘ A ”’ and “* C”’, 
also two separate channels between stations 
“A” and “ B” with connection into a telephone 
exchange at both ends of the link and duplex 
communications with eight harbour vessels and 
station “B”, with provision to connect the 
vessel communication links on to the main 
telephone switchboard. 


CONCLUSION. 

The uses which have been found for the very 
high frequencies during the past few years are 
considerable, and in many cases the task of the 
project engineer has been eased by the new 
communication facilities which are placed at his 
disposal. ‘The science is, however, a new one 
and rapid advances are being made which it is 
hoped will considerably increase the scope for 
new applications in the future. 
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Colour and Lighting 


By G. T. WINCH, M.I.E.E., F.Inst.P., F.1.E.S. 


INTRODUCTION. 

* (THE progressive develop- 
ment of fluorescent and 
other electric discharge 

lamps and their increasing 
application in lighting in- 
stallations, not only for utili- 
tarlan purposes, but also 
for recreational lighting in 
the home and elsewhere, has 
created a growing interest in 
the colour and colour-render- 
ing properties of these lamps. 
Colour consciousness is in- 
creasing and is not limited 
only to the lamps, but also 
includes the coloured decora- 
tions and the whole aesthetic 
effect. This situation has 
naturally stimulated research 
into the factors which in- 
fluence the choice of the 
colour-rendering properties 
of the lamps in conjunction 
with the colour and design 
of the decorations with which 
they will be used. 


The ultimate decision as to whether the colour 
and colour-rendering properties of lamps are 
acceptable will clearly, depend on the user’s 
subjective appreciation of them in the particular 
surroundings in which they are used. The 
lamp manufacturer and lighting engineer who 
are responsible, respectively, for providing the 
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The subjective and objective 
colour problems involved in the 
choice of colour-rendering pro- 
perties of electric discharge lamps 
are outlined. Subjective chro- 
matic adaptation effects are tllus- 
trated and a measure of correla- 
tion is shown to exist between the 
changes in subjective colour ap- 
pearance and objective measure- 
ments of physical stimuli. Con- 
sideration 1s given to the visual 
and photoelectric methods of 
objective colour measurement 
used in the control of lamp 
manufacture and for the guidance 
of lighting engineers. 

It is shown that the outstand- 
ing problem is the formulation of 
the factors which influence the 
user in deciding which objective 
colour-rendering characteristics 
are acceptable in various circum- 
stances. 
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lamps and designing the lighting installations 


are, therefore, faced with the following problems. 
1) The choice of the minimum number of 
“colours” of lamps to be manufactured 
provide acceptable colour 
rendering in the main classes of lighting 


which will 


application. 


1) The control in manufacture of the colour 
and colour-rendering properties of the 
lamps to ensure uniformity in _ these 
characteristics to the necessary accuracy. 

design of lighting 

incorporating these lamps, which will be 


11) The 


acceptable to the user 
in providing an appro- 
priate level of illumin- 
ation and colour ren- 
dering suited to the 
application, thus con- 
tributing towards the 
Overall aesthetic 
effect. 

These three general prob- 
lems include associated de- 
tailed problems involved in 
the objective measurement of 
light and colour, together 
with an understanding of the 
subjective aspects of colour 
and their correlation with the 
objective measurements. 

A very great deal of work 
has already been done to- 
wards the solution of these 
problems by specialists in the 
various fields of interest, 
which may not be familiar to 
many who have only a general 
interest in these subjects. 
It is the purpose of this 


article, therefore, to indicate the complexity of 
the problems enumerated above, to draw atten- 
tion to the work which has already contributed 
towards the solution of many of them, and in 
the later sections to refer to some of the out- 
standing problems which are still under investi- 


2) SUBJECTIVE ASPECTS OF COLOUR. 
Most of the subjective colour phenomena to 
which reference will be made have been known 
from the time of Helmholtz’ since when there 
has been steady progress towards their under- 
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work of Judd? and others shown that the sub- 
jective appearance of colours under different 
viewing conditions can be correlated with the 
objective colour measurement with a consider- 
able measure of success ; these correlations will 
be dealt with in section (8). 





198 


The subjective colour effects which must be 
taken into account in connection with the prob- 
lems outlined in the previous section fall into 
two general categories. These are the temporary 
changes in colour appearance which occur 
immediately after the eye has been conditioned 
by having previously been in other differently 
coloured surroundings, or by artificial condition- 
ing applied as in vision experiments. There are 
also the differences in the colour appearance of 
coloured objects which persist during observa- 
tions, due to the simultaneous colour contrast of 
the adjacent and other parts of the surrounding 
field of view. 

Examples of the temporary changes in colour 
appearance which occur due to conditioning of 
the eye just prior to observing are illustrated by 
the following simple viewing experiments which 
the reader may like to make. First view a 
sheet of white paper with both eyes simultan- 
eously for about 30 seconds to ensure that they 
are similarly conditioned. If fig. 1 is now 
observed in quick succession, first by the right 
eye and then by the left, keeping closed the eye 
not being used, for most observers with normal 
colour vision the colour impressions received 
will be closely the same for each eye. If the 
left eye is closed and the right eye fixated on the 
black cross in the centre of the yellow area of 
fig. 2 for about 30 seconds, then immediately 
afterwards if fig. 1 is observed alternately by 
the left and right eyes, this time two very different 
colour impressions will be gained from the one 
picture. The eye previously conditioned by 
viewing the yellow area will see the picture in 
bluer tones and the general effect will be colder. 
If this experiment is carried out under light 
from tungsten filament lamps the appearance 
of the picture by the conditioned eye will be 
rather similar to that which would be normally 
observed when viewing the picture by daylight. 
This is because the eye has become fatigued 
by the yellow light so that all yellow and red 
colours will appear temporarily weaker. Repeat- 
ing the experiment, but this tume conditioning 
one eye by fixating it on the black cross in 
the centre of the blue patch in fig. 3, will make 
the picture in fig. 1 appear in warmer tones to 
the conditioned eye. If this experiment is 
carried out in daylight the picture will, for a 
short time, appear to the conditioned eye rather 
as it would when observed under incandescent 
tungsten light by an eye not artificially precon- 
ditioned. 

In practice, colour appearance changes due to 
conditioning will normally occur in both eyes 
simultaneously and for this reason may be less 
obvious because in these circumstances the 
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changes to different viewing conditions will 
generally be less sudden. They will be present, 
however, and will temporarily influence the 
subjective colours observed : for example, when 
passing from one room to another illuminated 
by lamps having different colour-rendering 
properties. 

A further example of conditioning commonly 
experienced is that which occurs when colour- 
tinted sun glasses are worn. When they are first 
put on, noticeable colour distortion is present, 
but after a time the colours of familiar objects 
appear reasonably normal and acceptable, due 
to the chromatic adaptation of the eye. There 
is an apparent colour constancy of familiar 
objects such that white paper always appear 
white, green grass, green, geraniums red, etc., 
under illuminants widely different in their 
spectral energy distribution, or when observed 
through coloured filters which produce a similar 
effect. When the colour-tinted sun glasses 
are removed after having been worn for an 
hour or so, violent colour distortions will be 
apparent for some minutes until the chromatic 
adaptation of the eye has become normal again. 
This same general effect operates to a lesser 
degree by virtue of the chromatic adaptation 
resulting from the mixed coloured light from 
the objects in any room or scene under the 
particular form of lighting in which it is observed, 
but it may not be noticed because the change 
is gradual. “This may be seen by observing 
fig. 1, first quickly with alternate eyes as in the 
first experiment to establish that it looks similar 
in colour appearance to both eyes. Now close 
one eye and observe the picture with the other 
for about 30 seconds, subsequently looking at it 
alternately with each eye in quick succession. 
The appearance of the colours will now be seen 
to be different to each eye. 

The apparent increase in the saturation’ of 
colours when viewed by an eye conditioned by 
light adaptation can be observed by first fixating 
one or both eyes on the cross in the centre of 
fig. 4 for about 30 seconds, and then quickly 
transferring to and fixating on the cross in the 
centre of fig. 2. For a short time the right-hand 
half of fig. 2 will appear to be less saturated in 
colour than the left-hand half, due to the part 
of the retina on which the right-hand side of 
the field is imaged having been conditioned by 
partial dark adaptation. The effect on other 
colours can be seen by repeating the experiment, 
but after conditioning, looking at fig. 1, when 
the colours in one half of the picture will appear 
to be more saturated. 

These various conditioning experiments serve 
to remind the reader of the class of subjective 
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; nenomena, the effects of which persist only for 
short time after conditioning, and, therefore, 
general cause little embarrassment from the 

| gzhting design point of view. They may, 

. »wever, affect an observer’s judgment when 

} ming opinions of the acceptability of different 
asses of lighting ; for example, when comparing 
. quick succession installations using fluorescent 
mps having different colour-rendering pro- 
erties. 

The class of subjective effect which is prob- 
¢ ly more important in its influence on practical 

ghting problems is that which persists all the 
tme the coloured objects or pictures are ob- 
served, and is due to simultaneous colour con- 
trast. 

Examples can be observed in figs. 5, 6, 7 and 
8 where the lighthouses, ships and sea are 
printed respectively in the same coloured ink in 
all four figures but where, because of the different 
colours of the surrounding field, in each figure 
the objects appear different subjective colours. 

The above examples of the manner in which 
the subjective colours of objects change with 
viewing conditions, even although the physical 
stimulus remains constant, are an indication of 
the difficulties of measuring colour and assessing 
the acceptability of light sources of different 
spectral energy distributions when used in 
differently coloured decoration schemes. 

The artist is aware of these subjective pheno- 
mena and part of his art is his ability to make 
appropriate allowance when painting his picture 
or designing his colour harmony scheme so that 
the effect will be aesthetically acceptable under 
the particular conditions of lighting and in the 
particular situation in which it will be seen. 

The changes in subjective colour appearance, 
referred to above, can be measured in colori- 
meters with binocular viewing arrangements, as 
used by Wright’ and otHers, where the condi- 
tioned eye observes one half of the colorimeter 
field, the other half being observed by the 
unconditioned eye. In this manner the sub- 
jective colour appearance may be measured in 
terms of objective colours by the visual colori- 
metric techniques referred to at the beginning 
of the next section. 


3; OBJECTIVE ASPECTS OF COLOUR. 

As has been seen, the colour sensations evoked 
»y a coloured object or scene may be different 
nder different conditions of viewing, even 
vhere the physical characteristics of the light 
ntering the eye from the coloured object remain 
nchanged. 

Fortunately, however, under any one strictly 
efined condition of viewing, the eye is able to 


judge to some precision when two adjacent 
coloured patches, with a sharp line of demarka- 
tion, appear the same colour, provided their 
photometric brightness is the same. 

The ability to judge identity of colour, coupled 
with normal visual photometric techniques, has 
enabled a technique and system of colour 
measurement in the objective sense, to be built 
up. The objective colour of light is measured 
visually in terms of the proportions of light 
from three matching stimuli (i.e., coloured light 
sources), which when mixed and allowed to 
illuminate one side of an equality of brightness 
photometer field, will match in colour the light 
from the coloured light source under test which 
illuminates the other side of the photometer 
field. 

Current developments in visual and photo- 
electric techniques, are referred to in a recent 
paper by the author’ dealing with the measure- 
ment of light and colour, and it is not proposed, 
therefore, in this article to do more than indicate 
briefly the limitations of objective colour 
measuring techniques as they affect the problems 
enumerated in section (1). 

In visual colorimeters, the matching stimuli 
may be any three convenient stimuli so chosen 
that a mixture of the light from any two will not 
match the third. The mixtures required to match 
a particular light source will, therefore, be 
different for different instruments, although they 
will be linearly related and results can, therefore, 
be transposed from one system to another for 
comparison purposes. The results obtained on 
any one instrument will, however, be dependent 
on the field size and field brightness, and the 
personal error of individual observers may be 
large if the spectral distribution of the mixture 
is very different from that of the test source. 
This latter error can be minimised by using a 
small 2-degree field of view, but the precision of 
measurement in these circumstances will be poor 
so that measurements need to be made by a large 
group of observers before a reliable mean result 
can be obtained. Donaldson® has shown that by 
using six instead of three matching stimuli the 
spectral energy differences can be so reduced 
that a large 15-degree photometer field can be 
safely used, thus greatly increasing the pre- 
cision of colour measurement, at the same time 
keeping the personal errors very small. 

An alternative method of visual colour 
measurement, not so widely used, is that in 
which the light from the test source is matched 
by a mixture of monochromatic light plus an 
appropriate admixture of white light and the 
results expressed in terms of the wavelength of 
the monochromatic light and the proportions of 
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the mixture with white light. Results on this 
system can also be transposed to the trichromatic 
systems. 

Colour and eye spectral sensitivity measure- 
ments in the objective sense have established 
experimentally that light of ome particular 
spectral energy distribution will be of one objec- 
tive colour, so that the spectral energy distri- 
bution specifies uniquely the objective colour of a 
light source. Light of one objective colour can, 
however, be produced by a large number of 
spectral energy distributions. 

To facilitate the comparison of colorimetric 
results obtained on different visual colorimeters, in 
1931 the Commission Internationale d’Eclairage 
(C.I.E.) adopted a trichromatic colorimetric 
system for international use based on proposals 
by Smith and Guild’. This system, which is 
linearly related to visual systems, had a number 
of special advantages which cannot be detailed 
in the limited space available, and incorporates 
tables of figures defining the spectral charac- 
teristics of the C.I.E. Standard Observer, a 
hypothetical observer having colour characteris- 
tics closely related to the average of all human 
observers. From the C.I.E. Standard Observer 
data the objective colour of light in this interna- 
tional system can be estimated from the spectral 
distribution of the source, primary or secondary. 

In recent years, physical colorimeters have 
been developed which enable objective colour 
measurements to be made directly in the C.I.E. 
system. This is achieved by means of photo- 
cells used in conjunction with colour filters, or 
other means of modifying their spectral response, 
thus realising in practice the three spectral 
distributions defining the C.I.E. Standard 
Observer. 

A further advantage of one form of physical 
colorimeter which has been described by the 
author elsewhere” * is that, on the same instru- 
ment, measurements can be made on a light 
source in quick succession, of the C.L.E. 
chromaticity co-ordinates and tristimulus values, 
the luminous intensity or luminous flux, and 
the spectral energy distribution, either completely 
or in terms of the relative luminance in the eight 
spectral bands of Table 1. The instrument ts 
also suitable for making the same type of 
measurements on light reflected from, or trans- 
mitted through, coloured media. 

In 1948 at the C.I.E. meetings in Paris, the 
wavelengths intervals for the eight bands shown 
in Table 1 were agreed internationally for use 
in conjunction with the chromaticity co- 
ordinates for specifying the objective colour- 
rendering properties of an illuminant, with 
particular reference to tubular fluorescent lamps. 


October, 1949 








TABLE 1 
Spectral Wavel h Limi Col 
eal We. engt imits olour 
] 0-384 to 0-424 Far Violet 
2 0-42 0-44 Violet 
3 0-44 0-46 Blue 
4+ 0-46 0-51 Blue-green 
5 0-51 0-56 Green 
6 0-56 0-61 Yellow 
7 0-61 0-66 Light red 
8 0-66 0-76 Dark red 











As indicated earlier, the objective colour of 
light is determined by its spectral energy dis- 
tribution, so that the colour of light reflected 
from objects is dependent on the spectral energy 
distribution of the light source and the spectral 
reflection and/or transmission properties of the 
objects. As these latter are properties of the 
materials it follows that the objective colour- 
rendering properties of a light source are 
dependent on its spectral energy or luminance 
distribution. To measure the complete spectral 
energy distribution is for most purposes un- 
necessary and it is generally sufficient to make 
abridged spectral luminance _ distribution 
measurements in the eight spectral bands of 
Table 1. 

In this general connection it should perhaps 
be mentioned that although the spectral lumin- 
ance values alone, if sufficiently accurately 
measured, define the colour-rendering proper- 
ties, only comparatively recently have physical 
measuring techniques reached the stage where 
such measurements can be made to high accuracy 
at commercial speeds. Due to the accuracy 
limitations of earlier apparatus used for this 
purpose, it was at that time found desirable to 
associate with the spectral luminance values the 
chromaticity co-ordinates of the light from the 
illuminant, or secondary light source. This is 
still current practice as colour-rendering specifi- 
cations are in this form and in any case it 1s 
useful to know the colour of the illuminant as 
well as its objective colour-rendering properties. 


4) COLOUR TERMINOLOGY. 


In the past there has been some confusion of 
terms by the various groups of colour workers, 
but during the last few years considerable effort 
has been directed towards the establishment of 
an unambiguous colour nomenclature. Reports 
have been published by the Optical Society in 
America® and the Colour Group of the Physical 
Society in this country'® which, apart from 
certain minor differences, are sensibly in agree- 
ment. These reports were discussed at the 
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<.I.E. meetings in Paris in 1948!!, with a view 
o reaching international agreement, but so far 
ynly a few of the terms and definitions have 
een agreed. 

In these reports on colour terminology the 
ubjective terms relating to sensation are grouped 
,eparately from the objective terms which apply 
o physical definitions of the stimuli. Through- 
yut the present paper the terms used are those 
recently agreed internationally, or where no 
agreement was reached, those defined by the 
Physical Society (London) in their Report on 
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(5) CHROMATICITY SCALES IN THE C.L.E. 
OBJECTIVE COLORIMETRIC SYSTEM. 


In the C.I.E. chromaticity diagram, fig. 9, 
the linear distance between plotted points of 
just perceptible difference in objective colour is 
very different in various parts of the figure, 
amounting to 20 : | in linear distance in extreme 
cases. 

Unfortunately, no linear transformation of the 
C.1.E. system will produce a diagram in which 
minimum perceptible colour differences are 
uniform throughout the figure, but the linear 
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¢ 
Fig. 9.—C.I.E. chromaticity chart showing standard deviations of 
minimum perceptible colour differences, represented five times 
actual scale. (After MacAdam, reference 13.) 


Colour Terminology'®. This latter report con- 
tains not only a list of the terms and definitions 
used in colour physics and the terms used in 
the various colour industries, but also co- 
ordinates them and makes recommendations for 
a preferred and unambiguous nomenclature. 
The artists’ terms are also listed, but unfortunately 
no similar correlation of these with other terms 
was found possible. This is perhaps rather to 
be expected as, to quote the report, “for him 
‘the artist) colour terms are ultimately of little 
use because the aesthetic values of a painting in 
terms of its colours are inherently incom- 
municable by means of speech.” 


transformation proposed by Judd’? in 1935 
gave an approximately uniform objective 
chromaticity diagram in which the maximum 
discrepancies from uniformity were reduced to 
203: ik. 

MacAdam!* in 1942 described further work 
which had been done to determine the limiting 
uniform objective chromaticity areas in the C.1.E. 
system and showed that they took the form of 
ellipses of different sizes and orientation, as 
shown in fig. 9. Moon and Spencer'* showed 
that only a complex non-linear transformation 
can produce a diagram truly uniform in 
chromaticity. 
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6) FORMS OF OBJECTIVE COLOUR 
TARGET. 
Targets for the objective colour limits used in 
specifications of tubular fluorescent lamps, and 
referred to in section (3), were originally® 
bounded by iso-mired lines * * drawn usually 
--15 mireds (micro-reciprocal degrees) from the 
target centre, and these six-sided figures were 
rough approximations to MacAdam’* ellipses of 
5 m.p.c.d. (minimum perceptible colour 
differences). The trend towards closer colour 
control in manufacture and the increasing 
accuracy to which colour measurements can 
now be made at commercial speeds has made it 
desirable to base the limits on the actual MacAdam 
ellipse and for practical convenience to use a 
twelve-sided figure which closely approximates 
the ellipse and is easily plotted by routine 
operators from specified chromaticity co- 
ordinates. 


7) OBJECTIVE COLOUR RENDERING AND 

APPRAISEMENT. 

As indicated in section (3) the objective colour- 
rendering properties of an illuminant are related 
to its spectral distributions and are expressed in 
terms of the relative luminance in eight agreed 
spectral bands. Such spectral band data, to- 
gether with the objective colour of the source 
expressed in C.I.E. chromaticity co-ordinates, 
provide a satisfactory method of appraising and 
controlling the objective colour-rendering pro- 
perties of tubular fluorescent lamps in manu- 
facture. With experience it becomes possible 
to judge from these data what will be the effect 
of small changes in spectral band values from 
some known objective colour-rendering proper- 
ties, but as the differences become larger the 
difficulty of predicting the effect on the objective 
colour-rendering properties increases accordingly. 
The question arises, therefore, as to what 
additional information is necessary in order to 
facilitate the interpretation of the spectral band 
data from the point of view of its effect on the 
objective colour-rendering properties. 

This is no new problem and in 1937 the author* 
considered the possibility of expressing objective 
colour-rendering properties by reference to the 
displacement in the Judd uniform chromaticity 
diagram of the plotted positions of a representa- 


tive set of coloured surfaces or filters when 


illuminated by light from the test sources, as 
compared with some chosen reference source. 
It was felt that this might give a useful picture 
to the user of the manner in which objective 
colours would be distorted as compared with 
their colours under daylight or some other 
artificial reference illuminant. At that time, 
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this proposed technique was not pursued because 
apparatus was not then available for quickly 
making accurate measurements of objective 
colour directly in the C.I.E. system. As has 
already been indicated, however, now that the 
type of precision photoelectric colorimeter and 
spectral band apparatus referred to in section (3) 
is available, interest may be renewed in this or a 
similar method of supplementing the spectral 
band method of specifying objective colour- 
rendering properties. It is evident that this 
would involve a large number of measurements 
on the objective chromaticity shift which occurs 
with the various present-day illuminants avail- 
able, including the many types of fluorescent 
lamps, and these data are beginning to be 
accumulated. 


(8) CORRELATION OF SUBJECTIVE AND 
OBJECTIVE COLOURS. 


From the previous sections it will be seen that 
adequate techniques have now been developed 
for measuring colour and _ colour-rendering 
properties in the objective sense and that even 
the changes in subjective colour due to condi- 
tioning of the eye before and during observa- 
tion can also be measured in relation to the 
objective colorimetric systems and indicated in 
terms of shifts in the chromaticity diagram. 

Judd? has made a very complete survey and 
summary of the published work on these rela- 
tionships and has derived expressions which 
enable the subjective colour appearance to be 
calculated from the objective colour data for a 
number of viewing conditions. The hues, 
lightnesses and saturations calculated from these 
formulae are shown by him to be in fairly good 
agreement with visual estimates of subjective 
colour. Later work by Spencer!’ and also by 
Bouma and Kruithof !*, Hunt® and others find 
similar chromatic adaptation effects and some 
correlations with the objective measurements. 


9) SUBJECTIVE COLOUR PREFERENCE. 

It might seem at this stage that the three 
problems, indicated in section (1), which con- 
front the lamp manufacturer and the lighting 
engineer, should be able to be solved by means 
of the techniques outlined in the foregoing 
sections. Unfortunately, this is not so as there 
is still one aspect of colour which has yet to be 
formulated, namely the factors which govern 
colour preference and the acceptability by the 
user of light sources of the various forms of 
objective colour-rendering properties in the many 
applications and situations in which they are 
required to be used. 

Experience has in the past enabled some useful 
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progress to be made in this direction, and 
investigations into the possibility of a more exact 
solution to this aspect of the problem are being 
actively pursued. It is hoped that the results 
of some of the work at present in hand may be 
dealt with in a later issue of this Journal. 


(10) SUMMARY. 


It is shown in sections (3) to (7) that in the 
objective sense, colour can be measured by 
visual techniques, and that photoelectric methods 
enable objective colour and colour-rendering 
properties to be measured accurately and rapidly 
in an international system which is related to 
subjective experience in a strictly limited sense. 
This relationship will only hold for the condition 
in which colours are matched in a small field of 
view at high brightness as in a visual colori- 
meter. These techniques can be used to measure, 
not only the objective colour of a light source, 
but also that of illuminated objects. Measure- 
ments of this class facilitate the control of the 
colour characteristics of fluorescent electric dis- 
charge lamps and enable specifications to be 
framed for ensuring uniformity of the manu- 
factured product in this respect. 

Due to the chromatic adaptation of the eye, 
however, as indicated in sections (2) and (8), 
the subjective colour appearance of objects will 
change with viewing conditions, and will also be 
affected by the conditioning of the eye before 
and during observations. The techniques which 
have been developed for measuring these changes 
by reference to objective colour measurements 
and the correlation of these objective measure- 
ments with the subjective colour for normal 
observers have enabled expressions to be derived 
from which the subjective colour appearance 
under some viewing conditions and with certain 
illuminants can be calculated with a fair measure 
of success. . 

Objective colour and colour-rendering data 
and a knowledge of the correlations between the 
objective measurements and the _ subjective 
colour appearance under various conditions of 
view are of guidance to the lighting engineer in 


designing lighting installations, as they indi- 
cate directly the objective colour-rendering 
properties of the lamps. An approximation to 
the average subjective appearance of objects 
illuminated by lamps so measured and classified, 
may in some cases be able to be derived if 
sufficient details are known of the conditions of 
view under which the installation will be ob- 
served together with the state of conditioning of 
the observers, assuming they have normal colour 
vision. 

These objective colour data and correlations 
with subjective colour do not, however, indicate 
the extent to which, in any particular application 
and decoration scheme, the subjective colour 
rendering will be acceptable to the user. 

The measurements and investigations in hand, 
referred to in sections (8) and (9), will, it is 
hoped, contribute towards the solution of this 
last problem, and will be dealt with in a later 
issue of this Journal. 
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Principle and Features of a New Dynamic 
Braking and Motor Control System 


for A.C. Winders 


By E. FRIEDLANDER, Dr. ING, M.I.E.E., 


INTRODUCTION. 
J ARGE A.C. winders are 
| driven by slipring in- 
duction motors. For 
winding, the stator is 
switched direct to the 3- 
phase A.C. network, the cur- 
rent and torque being limited 
by a variable resistance of the 
liquid type, or by a contactor 
controlled set of grid resis- 
tors in the rotor circuit. For 
dynamic braking, D.C. 1s 
applied between two phase- 
terminals of the stator and the 
rotor resistor used as a vari- 
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The fundamental principle of 
a new system of control for A.C. 
winders 1s described, with parti- 
cular reference to dynamic brak- 
ing. After summarising the 
characteristics of the induction 
motor, the author deduces the 
essential conditions which it 1s 
desirable shall be satisfied and 
shows how the scheme meets 
these requirements. 

This system of control is being 
applied to four 4,200 h.p. win- 
ders now being built for a large 
South African gold mine. 


and resistance independently. 
Furthermore, the _ control 
must be definite in its re- 
sponse to the driver’s lever 
so that in no case can the 
torque decrease when it 
should increase with increas- 
ing travel of the control lever 
and vice versa. It is also 
necessary to avoid excessive 
D.C. excitation when a limited 
braking torque has to be ap- 
plied for a prolonged period, 
such as occurs in rope and 
shaft inspection, when the 








able load. 


motor must move slowly and 
consequently ventilation is 








Dynamic braking is parti- 
cularly attractive when used as described in this 
article as it affords a very precise torque control. 
It considerably reduces the waste of energy en- 
tailed with reverse power braking, and also the 
wear of the mechanical brake linings. 

The control of the rotor resistance, which must 
safeguard the equipment against excessive 
torque and current during motoring, does not 
present any serious problems. Nevertheless, 
efforts have been made in this scheme to effect 
improvements in regard to reliability and opti- 
mum economy of operation. The main ob- 
jective, however, was primarily to obtain im- 
proved performance of dynamic braking on 
which the more sensitive side of the winder 
operation depends. A particular difficulty was 
to reconcile some apparently conflicting condi- 
tions which must be satisfied in the relationship 
between the strength of the D.C. excitation and 
the value of the rotor resistance. The control 
of both D.C. excitation and rotor resistance is 
combined so that the driver operates only one 
lever, i.e. he does not control D.C. excitation 


very much reduced. Insuch 
circumstances the machine would probably 
run hot unless the D.C. excitation were 
appropriately restricted. The problem was, 
therefore, to evolve a system of control 
which interrelates the D.C. excitation with 
the rotor resistance in such a manner that 
the D.C. excitation can be restricted at low 
speeds for rope and shaft inspection, without 
forfeiting the necessary braking power which is 
required normally at the same low speeds when 
a loaded or empty hoist is approaching its decking 
position. The solution which is described in 
this article includes at the same time a method 
of driving and reverse power braking control 
which offers maximum permissible acceleration 
or deceleration under any conditions of load 
without relying on time mechanisms or current 
limiting controls for the safety of the hoist. 


FUNDAMENTAL CHARACTERISTICS OF 
THE INDUCTION MOTOR. 
It will make the new scheme clearer if the 
performance of the induction motor is first 
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sriefly recalled in its simplest form, and then 
>ompared with that which occurs during dynamic 
sraking. Throughout this article magnitudes 
vhich are to be referred to another winding than 
he one to which they actually apply will be 
narked by a dash. Thus R, is the resistance per 
shase in the rotor circuit, but R’, is the rotor 
resistance referred to the stator winding. 

The performance of an induction motor can 
oe derived from its well-known equivalent circuit 
‘fig. 1). All values in this diagram are referred 
to the stator winding. 


Ry wk ws 








Fig. |.—Equivalent diagram of the induction motor 
(referred to stator winding). 


R, includes any external resistance that may be 
connected to the sliprings. R, 1s the stator re- 
sistance per phase. X,—wlL, 1s the stator leakage 
reactance, X',—wL’, the rotor leakage reactance 
and X»,—a@M, the miagnetising reactance 
referred to the stator winding. All reactances 
are per phase and referred to the angular stator 
frequency, w=—2zxf. They are all constant, the 
only variable in fig. 1 is the equivalent rotor 


a ; ; 
resistance —— which varies because the slip S$ 


S 
varies with the speed 
120 
— (1—S) (r.p.m.) (1) 


where p is the number of poles of the motor. 
The power which is transmitted to the rotor is 


ax fe. =] I’, being the current per phase of 
a 3-phase wound rotor, referred to the stator 
winding. ‘The mechanical power is obtained by 
deducting from this power the copper losses in 
the rotor circuit (3 x J’,” R’,). Division of the 
mechanical power by the speed (equation (1) ) 
gives the equation for the torque in lbs. ft. as 


- p ri 9 R 2 ‘ 

T=-176 } ie > (Ibs. ft.) (2) 

7°04 3 (since 1 watt 
120 7-04 lbs. ft. * r.p.m.) 


The torque is proportional to the total power 
transmitted into the rotor. 

An asynchronous motor—like any other 
apparatus which is used to transform energy 
from one form into another—has a well-defined 
maximum transmissible power. To this power 
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limit corresponds the “ stalling ’’ torque of the 
motor. Generally the power which can be fed 
into a variable resistance reaches its maximum 
when the resistance equals the “inner im- 
pedance ” of the “ supply ” to which it is con- 
nected. In the case under consideration this 
‘““inner impedance” X; is equal to the com- 
bined impedance of the network of motor and 
supply impedances referred to the terminals of 


the resistance >": 


supplying mains network is usually negligible 
compared with the leakage reactances of the 
motor, it can—for the determination of X;—be 
replaced by a short circuiting connection between 
the motor terminals so that X, and X,,, appear 
paralleled in fig. 1 if the stator resistance R, is 
neglected for simplicity. It then follows that 
, , Ay Xm 
, ‘Ss c= ; 
X; X's Xi +Xmn1 xX, X'2 (3) 
since X,,, is large compared with X,. 
The maximum torque 7},, occurs therefore 
when = =X; (4) 
where S,,, is the stalling slip. The value of the 
maximum torque follows from fig. 1 (neglecting 
the stator resistance) as shown in Appendix I : 


l p r 
T max> 34-1 ry a : X, gre a e lbs. ft. 
| a ee” 
E, is the rated line-to-line voltage. 
The general torque equation can be written in 
the forms 


Since the impedance of the 
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Fig. 2.—Induction motor characteristics with fixed rotor 
resistance Ry. 


Ram is the resistance giving the stalling torque 
for any chosen value of S. Therefore the maxi- 
mum torque is always the same for a given 
motor and the same applied voltage E,, 1.e. it does 
not vary with different resistances in the rotor 
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circuit. The resistance R, determines only the 
slip S,, at which this maximum occurs. The 
resulting well-known variation of torque with 
speed for constant, but different, resistances 
R.2, Ro», Re» Roa is shown by the family of 
curves in fig. 2. 

Each of these curves has been drawn in plain 
and dotted lines, the plain portion being the 
stable part and the dotted portion being the 
unstable part. 

The unstable part of the characteristics must 
be avoided because, firstly, the torque increases 
in these portions with increasing speed, and, 








Fig. 3.—Equivalent diagram of the induction motor 
operating as dynamic brake (referred to rotor winding). 


secondly, reduction of the rotor resistance leads 
to a reduced instead of to an increased torque. 
Similar unstable portions also occur when the 
motor operates as a dynamic brake. The con- 
trol is so arranged that these unstable parts of 
the characteristic are automatically avoided. 


CHARACTERISTICS OF THE INDUCTION 
MOTOR OPERATING AS A DYNAMIC 
BRAKE. 


It will be found helpful in explaining the 
operation of an induction motor when functioning 
as a dynamic brake to use an equivalent circuit 
diagram which is comparable with that of fig. | 
for the induction motor. Such a diagram is 
shown in fig. 3. It differs from fig. 1 mainly 
on account of the different character of the 
‘“ network impedance” to be introduced. 

In this instance the circuit must be referred 
to the rotor winding in which there is a current 


= ee np Wo 
I, of frequency f, 120 De 

The stator current J’, when referred to the 
rotor circuit has the same frequency f, although 
it is actually D.C. if referred to the stator 
winding. The steady state value of this A.C. 
current is constant and is not influenced by 
anything that happens in the rotor circuit. This 
can be expressed in the equivalent circuit by 
assuming an infinitely large inner impedance of 
the supply circuit from which the excitation 
current is derived. It can be assumed that this 
current 1s driven through this large impedance 
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by an infinitely large fictitious A.C. voltage. 
This condition is the opposite of that when 
motoring, where £,, is constant and can be 
represented by a source of supply of negligible 
inner impedance. 

R’, and L’, are, of course, negligible compared 
with the assumed infinitely large impedance of 
the fictitious supply system. The circuit 
defining the conditions for maximum torque 
and maximum power thus reduces itself to a 
simple connection of the magnetising reactance 
«.M (referred to the rotor circuit) in series with 
the rotor leakage reactance «,/, and the rotor 
resistance R,. The main effect of the appar- 
ently infinite impedance between the stator 
terminals of the motor is that contrary to the 
scheme of the A.C. motor in fig. 1 where the 
magnetising reactance X,,,—©M, had only a 
correcting and, for a first approximation, neg- 
ligible influence on the inner impedance, this 
reactance now becomes the decisive factor com- 
pared with which the rotor leakage reactance is 
practically negligible. This is indicated in 
figs. 1 and 3 by the dotted erasure of the less 
relevant components. 

First assume that M is a constant reactance. 
Neglecting wL,, maximum torque or braking 
power would occur at any speed if the condition 

Roopt= @M (7) 
is satisfied. The secondary current /, must in 
this case be constant with constant excitation 
I’',. It then follows directly from fig. 3 that 
Lsopt = I',. The torque can be calcu- 
\ 
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Fig. 4.—Magnetic characteristic of a winder motor. 
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lated as before from the ratio of power divided 
by speed. The maximum power in a 3-phase 
rotor must now be 


Prope = 31? Roope = 31a? wM=3 I'20,M (8) 


; 60 
and the corresponding torque, since 2=—W«, 


(r.p.m.) Top:=°551',? pM (Ibs. ft.) (9) 
The general character of the relationship 

between torque and speed of the dynamic brake 

must, therefore, be very similar to that of the 


A 


R2 opt 


~, 


M NOT SATURATED 











Fig. 5.—Relationship between D.C. excitation and 
optimum resistance to frequency ratio for dynamic 
braking. 


induction motor. It is only necessary to con- 
sider speed instead of slip and the dominating 
influence of the magnetising reactance instead 
of the leakage reactances on the absolute value 
of the maximum torque available. Thus there 
is an optimum braking torque at some ratio of 
resistance over speed, and stable and unstable 
portions of the characteristic occur as before. 
The problem is, however, complicated at this 
point because the magnetising reactance of the 
ordinary induction motor is so high that the 
unsaturated machine could not produce the 
braking torque required. This will be evident 
from the comparison between the magnetising 
current and the rated current giving the rated 
torque under normal conditions on the A.C. 
network. The magnetising current may be 
about one third of the rated current. Under 
the optimum conditions previously calculated 
for the unsaturated machine, the rotor current 
must equal the magnetising current. A machine 
excited by a primary D.C. current /, which just 
produces the normal magnetising current could, 
therefore, not develop more than about one third 
of its rated torque, whereas in practice about 
two-and-a-half times rated torque is required. 


The calculation of the effective reactance, 
including the influence of iron saturation on the 
maximum value of the torque and its variation 
with D.C. excitation, will be found in Appendix 
II. The simple result is that, neglecting the 
rotor leakage, the inner impedance which deter- 
mines the optimum braking torque can be 
expressed as the geometric mean of two reactance 
values, both of which are determined by the 
magnetic characteristic of the machine, i.e. 
they are functions of the magnetising current /,,. 


“ E 
The one is the “total” reactance ¥ «9M 
m 


referring to the induced voltage E and the 
magnetising current /,,, and the other is the 


“* differential” reactance we/\M referring 


dE 
AI» 
to the slope of the magnetic characteristic at the 
point EF, /,,. These characteristic reactances are 
shown in fig. 4. Their introduction gives the 
following expression : 


Roopr=OoV M. AM (10) 
The magnetising current bears a fixed relation- 
ship to the exciting current J’, only so long as 
the load resistance R,=—Roop,, i.e. when the 
maximum torque which is possible with a given 
excitation is produced. This can be expressed by 
| a 
M 
v/ += (Ra=Reme) (11) 
The relationship between R,.», and J’, which 
results from the arbitrary magnetic characteristic 
(fig. 4) is shown in fig. 5. 
The maximum torque in lbs. ft. now becomes 
7 lt p VM aM (12) 
opt , 


M 
(R.= Roop) 


ui M 

The general character of the torque-speed 
curves resulting with constant excitation /’, is 
still similar to that of the motor characteristics 
(fig. 2), i.e. for a given excitation the maximum 
value of the torque is constant and independent 
of the speed. However, the position of this 
maximum in the torque-speed diagram must be 
shifted to increasing values of the speed if the 
excitation is increased, but the resistance R, is 
kept constant. This effect is due to the iron 
Saturation and is therefore unavoidable. The 
resulting curves are shown in fig. 6. The 
unstable portions of these characteristics which 
now occur to the right of the torque maxima 
overlap in a manner which permits neither a 
direct co-ordination between desirable rotor 
resistance and excitation nor between rotor 
resistance and speed of the machine. This 
effect reveals an essential factor in the known 
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difficulties which have been encountered in the 
past and which are avoided in this control scheme. 


THE PRINCIPLES OF THE NEW SYSTEM 

OF WINDER CONTROL. 

From the foregoing analysis two simple 

results are derived : 

(a) For every value of D.C. excitation current 
applied for dynamic braking there is a 
definite ratio between rotor resistance 
and speed which will give a constant and 
optimum torque which is independent 
of the speed (equations (10) to (12) ). 

TORQUE 


j Rob T MAX 





SHIFT OF MAXIMUM 
DUE TO SATURATION 








Ye 
~ 
rae gee EE ape T MAX 
~ = Rab (1),) 
T a 2 Ree SPEED 
100% 


Fig. 6.—Dynamic braking characteristics with constant 
D.C. excitation and constant resistance Ro. 


b) The torque of the machine operating as 
an A.C. motor will be constant and 
independent of the speed if during 
motoring the rotor resistance is varied in 
constant proportion to the slip. 

The second result follows directly from 

equation (2) since J’, is necessarily constant if 


; R's . ? 
the only variable —~—, 1.e. — is kept constant. 


S S 
It can also be derived from equation (6). 
These results have been translated into a 
practical solution of the problem in this control 
scheme. Since it is desirable to restrict the D.C. 
excitation current used during dynamic braking, 
the best solution is to control the resistance R, 
automatically in such a way that its value is 
always that at which the machine gives its maxi- 
mum braking torque corresponding to any given 
excitation. This can be achieved simply by 
enforcing the automatic maintenance of the 
correct relationship between the current J’, and 


= 
the ratlo —. It will result in the lowest 


(Jo 
possible dissipation of heat in the stator what- 
ever the operating conditions may be. Further- 
more, operating at or near maximum torque 
minimises the effect of the relatively coarse 
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steps of resistance in contactor-controlled grid 
resistors or of the variation of resistivity of the 
fluid in liquid controllers. The braking torque 
varies very little between consecutive resistance 
steps, but is steadily controllable by the D.C. 
excitation which can be made to vary smoothly so 
as to give a very fine and accurate braking control. 

For driving or reverse power braking from 
the A.C. supply, it is only necessary to keep the 
rotor resistance at a fixed ratio to the slip and to 
provide means for controlling the value of this 
ratio. The motor will then run up with constant 
torque and constant current independently of 
speed and without the introduction of time delay 
or current limiting devices, the value of the 
torque bearing a definite relationship to the 
chosen position of the control lever. 


THE RESULTING SCHEME. 

Fig. 7 shows a simplified schematic diagram 
of the control system based upon the foregoing 
considerations. In this diagram 2- or 3-phase 
connections are shown by single lines with 
double or treble dashes to indicate the actual 
number of connections. The reversing A.C. 
contactors and all interlocking and safety devices 
are also omitted. The co-ordination of the 
movement of the control lever with the operation 
of contactors and other control apparatus has 
been simplified so as to distinguish between the 
two different operations necessary for driving 
on the one hand and dynamic braking on the 
other, by moving the control lever in opposite 
directions. The practical adaptation of the 
scheme to any other kind of chosen relationship 
between the movement of the control lever and 
the desired control function is simple and is not 
dealt with in this article apart from the brief 
reference to a typical h-gate control in con- 
nection with fig. 9. 

The control lever on the right-hand side of 
the diagram is shown as engaged through a 
quadrant to a vertical rack and control bar which 
indicates the three main functions of the control 
lever : it operates the contactors for energising 
the motor and auxiliary gear (centre), a variable 
ratio transformer V 7 (bottom) and the D.C. 
excitation control for dynamic braking (top). 


MOTOR PERFORMANCE. 

It may be easiest to explain first the sequence 
of operation for driving. When the control 
lever is moved to the left it forces the control 
bar downwards, thereby energising the “ driv- 
ing’ contactor which connects the stator of the 
winder motor to the A.C. power supply. At the 
same time the auxiliary contact (a) on this con- 
tactor also closes and connects the sliprings of a 
small 3/2-phase control generator (operating 
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as a frequency converter) to the low voltage 
A.C. supply which is provided by the auxiliary 
transformer shown at the top of the diagram. 
The control generator is mechanically coupled 
to the winder motor either directly or through 
gearing. If directly coupled its number of poles 
must be the same as that of the main winder 
motor, but if geared an appropriately lower 
number of poles can be selected. The voltage 
induced in the 2-phase stator winding of the 
control generator will have the same frequency 
as that of the rotor of the main winder motor 
and its value will be proportional to the slip. 
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This induced voltage is used to energise a voltage 
transformer V7, the tapping ratio of which is 
altered by the operation of the main control lever. 
The tapped voltage from the transformer VT 
feeds one of the control coils (RR) of an electro- 
magnetically operated oil servo through a 
variable resistance r,. 

The oil servo controls the main rotor resistance 
R, and the resistance r, in unison. Its function 
will be understood from the arrows indicating 
the action of the oil pressure O, from the pump 
and the direction of the return flow O,,, of the 
oil. Thus the servo tends to raise both resistances 
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Fig. 7.—Schematic diagram of G.E.C. winder control scheme for driving and dynamic braking. 
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if the “ Raise Resistance ” coil (RR) is energised. 
It will also increase both resistances to their 
maximum whenever the valve is under the 
influence of its own weight only, so that the 
resistance R, will be maintained at its maximum 
value when all control excitation is cut off. 

A second auxiliary contact (6) on the main 
contactor connects another control coil (LR) on 
the oil servo through the resistor r, to the con- 
stant low voltage A.C. supply. The current 
flowing in this coil is constant when the con- 
tactor is closed and produces a constant pull on 
the servo valve so that the oil servo tends to 
lower the resistances R, and r,. Assuming that 
the resistance r, is so large that the constant pull 
of the ‘‘ Lower Resistance ” coil (LR) is stronger 
than the “ Raise Resistance ”’ coil (RR), the oil 
servo will reduce the resistance r, until its value 
equals that at which the current 
in the coil (RR) ts just strong 
enough to balance the pull of the 
coil (LR). The valve will then 
take up the central position and 
the piston of the servo will come 
to rest. Since the current in the 
coil (LR) is constant the current 
in the coil (RR) at which this 
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age in the control generator pulsate so slowly 
that a single-phase control valve would follow 
the momentary values of the A.C. voltage. 

The value of the resistance r, is chosen so that 
in any position of the servo the total resistance 
in the circuit formed by the voltage transformer 
and the operating coil (RR) is proportional to 
the resistance R, in the rotor circuit of the winder 
motor. This ensures that for any position of 
the control lever, not only the resistance 1,, 
but also the resistance R, will be Kept propor- 
tional to the slip frequency of the winder motor. 
If, therefore, the control lever is kept in the 
same position while the motor alters its speed, 
the servo will adjust the value of the resistance 
r, continuously so as to keep the condition R,/S 
constant, but the value of this ratio will vary with 
the tapping ratio on the voltage transformer 


qe anenere 
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is the one that gives the lowest 
resistance slip ratio and, there- 
fore, the largest torque. 

For simplicity, the circuit 
feeding the coil (RR) is shown as 
single phase in fig. 7. Actually 
it is 2-phase with 90 degs. phase 
displacement in order to produce 
a steady pull on the oil control re 
valve even when the slip fre- Ragaanl ance 

7 : POSITION OF SERVO DRUM CONTROLLER 
quency of the winder motor and 
the corresponding induced volt- 
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Fig. 8.—Schematic diagram of contactor control of grid resistors. 
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(VT) in accordance with’ the lever position. 
The fixed relation between motor torque and 
lever position is maintained until the speed 
approaches synchronism when the motor torque 
falls off until it balances the load. 

Obviously the operator can move the control 
lever as fast as he likes without danger of over- 
stressing the rope. There is, on the other hand, 
no loss of time by delay mechanisms which must 
be set to meet the worst conditions and which 
are utilised for other schemes. 


BRAKE PERFORMANCE. 


The performance of the control system under 
conditions of dynamic braking is very similar. 
If the control lever is moved to the right thus 
raising the control bar (fig. 7), the brake con- 
tactor will be energised and connect the stator 
winding of the winder motor to the D.C. gene- 
rator G of the motor generator set. This gene- 
rator is excited from an auxiliary D.C. supply, 
the field current of the exciter being controlled 
directly from the control lever through the 
resistance ry. 

The brake contactor also has two auxiliary 
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Fig. 9.—Brake-drive interlocking scheme. 
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contacts, one of which (a) connects the control 
generator to the auxiliary D.C. supply so that 
this generator is now excited with constant D.C. 
current through two of its sliprings, and therefore 
acts as an ordinary D.C. excited alternator, the 
induced voltage of which is proportional to speed. 

This voltage again emergises the “ Raise 
Resistance ”’ coil (RR) of the oil servo through 
a variable tapping on the voltage transformer 
VT which is controlled by the lever as before. 
The only difference to the tapping control for 
dynamic braking is that the relationship between 
lever position and tapping ratio is different from 
that chosen for driving. This ratio control is 
adjusted so that the transformer tapping corre- 
sponds to the actual D.C. current fed into the 
winder motor in a manner which satisfies the 
relationship shown in fig. 5. The total variation 
of the tapping ratio required between the limits 
of lever movement is considerably less for 
dynamic braking than for driving and this is 
achieved by having a very much greater over- 
hanging end x of the transformer winding. 
In practice the same main tapping steps can be 
chosen for driving and braking so that although 
the voltage transformer is shown 
diagrammatically in fig. 7 as 
consisting of two different sec- 
tions, one for driving and one for 
dynamic braking, there is in 
reality only one transformer per 
phase, a changeover of the over- 
hanging sections x and y being 
made between driving and 
dynamic braking. 

The control mechanism will 
again provide a fixed relation- 
ship between lever position and 
torque exactly as when driving 
and constant torque will be 
maintained until standstill is 
almost reached. 

The change from driving to 
braking can be made without the 
driver being subjected to res- 
trictions of any kind. There 
are, however, a few safety 
measures introduced into the 
scheme which aim at reducing 
wear and tear wherever possible 
and avoiding the transient over- 
load, which could conceivably 
occur under the extreme con- 
dition of the driver moving the 
control lever rapidly through 
the zero position. 
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CONTACTOR CONTROL FOR GRID 

RESISTORS. 

Unnecessary operation could occur if the 
servo oscillated slightly when adjusting the 
resistance r, to its correct value. Such oscilla- 
tions are seen in the oscillogram, fig. 10, which 
was taken with an improvised test circuit. 

Fig. 8 shows the scheme which is introduced 
for ensuring stability of main contactor operation. 
Resistance R, with its main rotor contactors is 
indicated in section (a). In this case the servo 
does not control the contactors directly, but 
through electromagnetic valves for pneumatic- 
ally controlled contactors. These could be 
replaced by solenoids. The switching operation 
is effected by a drum controller actuated by a 
small servo of the Isenthal type. The method 
of co-ordinating the operation of the main con- 
tacts which actuate the motor contactors with 
that of the auxiliary contacts for varying the 
resistance r, is shown in fig. 8(b). Alternate 
sections c and s in the control movement of the 
servo are provided in which either resistance 
control (c) or contactor switching (s) takes 
place, these sections being so separated from one 
another that the controller cannot stop in the 
position where main contactor switching takes 
place. 

The resulting relative variation of the steps 
of the rotor resistance R, and the control 
resistance r, is shown in a logarithmic scale in 
fig. 8(c). The corresponding progression of 
the resistance steps is geometrical. This not 
only ensures a constant residual variation of the 
main rotor current at each step, but also a con- 
stant variation of the control steps of the resist- 
ance r, on which the sensitivity to be chosen for 
the control mechanism depends. 

This sensitivity of the control mechanism is 
kept constant by providing a constant current 
in the “ Lower Resistance ” coil (LR) of the oil 
servo ; i.e. this current has deliberately not 
been used for the major control (as theoretically 
it could have been) in order to arrive at a well- 
defined sensitivity in spite of the wide range of 
resistance control. However, a limited adjust- 
ment which may be different for driving and 
braking 1s provided by the separate resistances 
r, and r, shown in fig. 7. Resistors in this 
circuit may also be used for enforcing automatic 
or semi-automatic torque limitations of any kind 
that may be required, as for example, where 
acceleration has to be limited for winding men 
whereas maximum acceleration is to be applied 
for normal winding 
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THE BRAKE-DRIVE INTERLOCKING 
SCHEME. 


The object of this interlock is to safeguard 
against any possibility of the A.C. contactor 
being closed before resistance R, has reached 
its maximum value. A large resistance in the 
rotor circuit at the moment when A.C. is applied 
to the motor is necessary because any shock 
application of torque must be avoided. On the 
other hand, the changeover from driving to 
braking should be as quick as is feasible, the 
only limitation being due to the normal “ arc- 
interlock ” on the main contactors. There is no 
danger of a shock dynamic braking torque 
because the magnetic delay which is inherent in 
the excitation circuit limits the rate of increase 
of the D.C. current. 

The aim of the interlock scheme is, therefore, 
to delay only the energising of the A.C. con- 
tactors until the rotor resistance has reached its 
maximum value, and at the same time to leave 
the D.C. contactor free to close irrespective of 
the value of the rotor resistance. This is 
achieved by the scheme shown in fig. 9, which 
is supplementary to fig. 7 and shows all main 
contactors as well as their pilot contactors. 

The closing of the main A.C. contactors can 
be prevented by the interlock contactor which is 
energised whenever a main contactor is de- 
energised by the opening of a pilot contactor, 
while the rotor resistance R, is not at its maxi- 
mum value. This energising of the interlock 
contactor takes place during the transition 
period, when the pilot contactor has already 
opened but the main contactor is still closed. 
The interlock contactor remains energised until 
the contact at the end of the stroke on the con- 
trol of the resistance R, has been reached. 

Auxiliary contacts—(6) in fig. 7—which serve 
to energise the LR circuit are fitted on the pilot 
as well as on the main contactors. The inter- 
ruption of the LR circuit by the main A.C. con- 
tactors prevents the LR circuit from being ener- 
gised before the resistor R, has reached its 
maximum. 


REGENERATIVE BRAKING. 

The weight of the rope is so great in many 
hoists operating in deep mines that an appre- 
ciable amount of energy must be dissipated 
during the second half of each run, when the 
weight of the rope and cage moving downwards 
is heavier than that moving upwards. This 
energy is usually wasted by dynamic or other 
braking being applied with steadily increasing 
force while the hoist is still moving at full or 
nearly full speed. It would be possibie to avoid 
this waste of energy if regenerative braking were 
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used during this part of each run. The motor as the lever is moved through the gate into the 
would have to be left full on with its speed braking position, the brake pilot contactor ener- 
slightly increasing beyond synchronous speed. gises the control circuit and the resistor R, 1s 
This is permissible if the danger can be avoided brought to the correct value that will give the 
of the hoist gaining too much speed during the chosen braking torque with a minimum of delay. 
transition period when the control lever has to be For these reasons there is less tendency to over- 
moved from driving (regenerative braking) to speeding during the transition period between 
dynamic braking for final deceleration. regeneration and dynamic braking. 

In existing control schemes the rotor resistance 
is first increased to its maximum and then ALTERNATIVE FORMS OF CONTROL. 
reduced again to the value which is wanted for The relationship between torque and the 
dynamic braking. With the proposed control position of the control lever, and the fact that 
and interlock scheme the resistance will not be movement of the control lever can be arbitrarily 
increased immediately when the control lever is fast, make it possible to superimpose upon the 
moved back from the “ full on ” position. torque control itself any overriding automatic 

Only when the control lever has reached a controls such as may be desirable for speed 
position corresponding to a torque less than the or acceleration. The system should, therefore, 
positive or negative torque exerted at the motor be particularly suitable for fully automatic 
will the rotor resistance R, begin to increase. winders. 
With rated torque this is approximately midway Taking as an example an overriding speed 
between full-on and neutral positions. As soon control, it would be very easy to subject the 
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Fig. 10.—Oscillograms showing constant torque acceleration (driving) and dynamic braking performance of an 
experimental control equipment. 
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torque control to another servo which is in 
equilibrium only at a chosen speed. Thus if the 
speed were too low the torque would automatic- 
ally be increased and reduced again as soon as 
the desired speed is approached. Such a scheme 
could be used to produce in an A.C. motor a 
performance which would correspond to that of 
a Ward-Leonard drive with overriding limitation 
of torque and current. 


SUMMARY OF THE FEATURES OF THE 
SCHEME. 


The results obtainable with the control scheme 
may be summarised as follows : 


1. A definite relationship between lever move- 
ment and torque is obtained under all 
conditions of operation. This is inde- 
pendent of speed for driving, reverse power 
braking and for dynamic braking. 


2. It is impossible for the operator to exceed 
certain safe values of torque and current, 
however fast he may operate the control 
lever. This result is achieved without 
delay mechanisms or overriding current 
controls. 


3. Long periods of dynamic braking at low 
speed, such as are required for shaft and 
rope inspection, result in the lowest pos- 
sible rise in temperature of the main motor 
for any speed that may be chosen. 


4. If any possible overstressing of the hoist 
by simultaneous application of both brakes 
is to be avoided, the definite relationship 
between braking torque and lever position 
makes it possible to combine the dynamic 
brake with the application of the mechani- 
cal brake in such a manner that the dynamic 
brake is released automatically as the 
mechanical brake comes into operation. 


The operation of the dynamic brake near 
to or at maximum torque results in a very 
smooth control of the braking torque even 
if the rotor resistor R, 1s varied in relatively 
coarse steps. Also, it almost eliminates the 
influence of varying resistivity in liquid 
controllers. 

6. The system can take full advantage of the 
torque of the motor when winding light 
loads so that any load can be wound with 
maximum permissible acceleration. 


JI 


~ 


. The maximum torque or acceleration can 
be limited by a simple mechanical stop on 
the control lever or by the setting of a 
resistance in the (LR coil) control circuit. 
Neither method will prevent the motor 
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from running up to full speed provided 
that the set torque limit exceeds the load 
torque. 


8. A quick changeover from driving to 
dynamic braking is possible without the 
rotor resistance first being increased to its 
maximum value. Thus the _ control 
minimises the tendency for the motor to 
gain speed if the torque is negative when 
the lever is moved from driving to braking. 
This should enable the operator to use 
regenerative braking during the major 
period of running at full speed with un- 
balanced load. 


9. It is possible to make the torque or the 
rotor current independent of relatively large 
variations of the network voltage by the 
addition of a small voltage correcting 
transformer in the control circuit. 


10. The scheme can easily be extended to 
satisfy various relationships between lever 
position, torque, speed or acceleration. 
Thus, for instance, the speed control of 
the A.C. motor can be made similar to that 
of a Ward-Leonard D.C. winder including 
current limitation with relatively few 
additions to the control equipment. 


APPENDIX I 


_ A simple way of calculating the torque of the motor 
is by Thenevin’s theorem. The open circuit voltage 
Ej; appearing across the terminals of the resistance 


. in fig. 1, if this resistance is made infinitely large, 


may be considered as the fictitious EMF of an equiva- 
lent circuit consisting of only the inner impedance Xz 


R’s . 
equation (3)) and the rotor resistance —— in series. 
The current J’s flowing through this circuit is equal 


R’s . 
to the current through the resistance —* in fig. 1. 


Xm (1A) 
1+Xmy 
if E, is the voltage per phase. The power transmitted 
to the rotor per phase is, therefore 

P E;* _R’ 


3 As 5 
xi2+ (2) 


and the maximum power per phase with equation (4) 
Pmax Ei* (3: 
3 DX: 
Combination of equations (3), (1A) and (3A) and in- 
troduction of the rated line-to-line voltage Er 1 3E) 
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, . : , - Pmax 
gives directly equation (5) since Tmax = 01 76-2 7 
in analogy to equation (2). Equation (6) follows 


directly from a comparison between equations (2A) 
P 


and (3A) since 
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APPENDIX II 


The following relations hold with reference to 
fig. 3 if the secondary reactance bol» is small com- 
pared with © .M. 

E=Im @oM IoRe (4A) 
I’,2 = Ip* + Im? = Constant (5A) 
The power P= E-I, will be a maximum with varying 
rotor resistance if 
dP dE dI» 
a sc © ho (6A 
dRy dR» fe dR» ‘eG 6A) 
Differentiation of equation (2A) gives on the other 
hand 





dIm dl, 
2 Im dRo 2 Is aR. O (7A) 
Combining equation (6A) and (7A) gives 
E dE E\?2 . . 
7 a (7) = (Roopr)* (8A) 


E si 
as ©oM is the magnetising reactance and 
m 


dE ie 
le ©)9/\ M is the slope of the magnetic characteristic 
m1 


as shown in fig. 4. Neither M nor /\M is constant, 
but both are defined by the magnetic characteristic of 
the motor, i.e. they are a definite function of the 
current Jm. ‘The relation to be satisfied for optimum 
braking is, therefore, 


Roopt O4/ M: AM (9A) 


and if this value is maintained it will be found from 
(8A) with (4A) and (5A) that 
I I’; (10A) 
m 


V1 n M 
AM (Re = Rgopt). 
This proves that the magnetising current must be 
constant for a given excitation and that it is inde- 
pendent of the speed if R,= Roopt. 
The maximum torque resulting if equation (9A) 
is satisfied follows from 


I’; (11A) 
I, ——<—— 
Vv 14 LM 
M (R, = Roopt) 
and gives for a 3-phase rotor 
37 x 7°04 2 Reoopt 

















ra ee a (12A) 
_ Llp’ M-AM a 
=m AM (lbs. ft.) 
“M 


It will be noted from a comparison between equations 
(10A) and (11A) that under the influence of saturation 
the secondary current I, is no longer equal to the 
magnetising current at the point of maximum torque. 
The limiting case for the unsaturated machine is 
correctly obtained by the transition to /\M 
I 
VY 2 (Ro Roopt) 
in accordance with elementary considerations. 


which then gives Jm=I, 





A.C. Winder with Dynamic Braking 





A geared A.C. winder, arranged for dynamic braking, installed at a Welsh 
Navigation unit of the National Coal Board. 
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Vehicle-Actuated Road Traffic Signals 


APPLICATION TO A SPECIAL PROBLEM 


By H. J. N. RIDDLE, A.M.I.R.S.E. 


Siemens and General Electric Railway Signal Co., Ltd. 


INTRODUCTION. 


HE general principles 

of vehicle - actuated 

road signalling have 
been dealt with very fully 
in an earlier issue of this 
Journal.! 

More than twelve years 
have passed since those ar- 
ticles were written, and it may 
be taken as an indication of 





Vehicle-actuated road signals 
have become established as a 
permanent feature on our roads, 
and experience over some fifteen 
years has shown that general 
principles outlined in this Fournal 
twelve years ago were soundly 
based. New methods have latterly 
been introduced and this article 
brings the general picture up to 


since 1935 (both at isolated 
and inter-connected cross- 
ings) is still working well, 
having been carefully main- 
tained and wearing parts 
renewed where necessary. 
The notes which follow 
lead up to one interesting 
use to which vehicle-actuated 
signals have been put to an 





the soundness of the operat- 
ing principles then described 
that very little has been 
necessary since in the way of 
changes in design, and that 
no further major develop- 


particularly 


crossings. 





date and describes one special 
application which 
useful at marrow 
approaches, bridges and wide 


increasing extent over the 
past ten years, and which 
was not given more than 
a brief reference in the pre- 
vious articles. This is the 
signalling of traffic over 


is proving 








ment has become evident. 

Concerning the Autoflex system of the S.G.E., 
the same basic principles are employed in the 
detection of vehicles by pneumatic mats and 
associated electro-pneumatic contact units, and 
the apparatus in the controller remains unchanged 
except that the timing circuits which determine 
the length of the Amber, Minimum Green, and 
Maximum periods now embody thermionic 
valves instead of the neon tubes referred to 
in Mr. Downes’ articles. A short reference 
to, and description of, the Autoflex valve timer 
appeared in the pages of this Journal for January 
1949. 

Not only is it true that Mr. Downes’ description 
covered the field very thoroughly, but, in addition, 
the Company has had the considerable satisfac- 
tion of finding that the Autoflex progressive 
system, as then described, would meet the speci- 
fication for vehicle-actuated progressive equip- 
ment issued by the Ministry of Transport in 1938 
—some two years after the system had been set 
in operation in several parts of central London. 
Practically all the equipment installed during and 





'* Automatic Control of Road Traffic,”” by F. A. DOWNEs, 
A.M.LE.E., M.LR.S.E. G.E.C. Journal, Vol. VII, Nos. 3 and 4, 
August and November, 1936. 


narrow bridges or ap- 
proaches. The facility in- 
volves an extension of the general principles de- 
scribed in the articles published in 1936, and for 
the benefit of those readers who may not have 
access to the older works it is intended to set out 
here the basic principles of vehicle actuation and 
to touch on the means employed in Autoflex equip- 
ment to bring them to effect, and after that to pass 
on to a description of the narrow-bridge schemes. 


BASIC PRINCIPLES OF VEHICLE- 
ACTUATED ROAD SIGNALLING. 


The following rules govern the operation of 
vehicle-actuated signals as used in this country 
and in most places abroad. 


GENERAL ARRANGEMENT AND TERMS. 


(a) Traffic streams or “lanes” involved in a 
crossing controlled by signals are grouped as 
far as possible into lanes in which traffic may 
safely run at the same time ; for example, the 
south-north north-south traffic at a simple 
cross roads will form one group, the east- 
west and west-east traffic the other. It has 
become customary to label these groups and 
the signals which give them right-of-way 








b) 


c) 


ROAD TRAFFIC SIGNALS 


< 


with the term “ phase”: the “A” phase, 
** B ” phase, and so on. 


Signals are displayed to all traffic approach- 
ing the crossing, the signals of any one phase 
always displaying the same indication as all 
others for that phase. 


With a special exception, means are intro- 
duced to prevent the signals of any two 





(d 


ad 


(e) 


Fig. |.—Autoflex lamp contactor relay. 


phases showing green at the same time, even 
under fault conditions. 


Vehicle detectors are fitted in each lane at 
approximately the braking distance from the 
stop line associated with each signal. The 
expedient of placing detectors in some of the 
approaches only, has largely fallen into dis- 
use, it being found that the saving in cost by 
such an arrangement is generally out of 
proportion to the resulting loss of traffic- 
handling efficiency. 


The change of signal indication as seen on 
any one signal face must conform to the 
colour sequence proper to the country in 
which it is used. In4sreat Britain and many 
other places this follows the sequence : 

Red, changing to: 

Red with Amber for 3 seconds, then 

Green. 

Green, changing to : 

Amber for 3 seconds, then 

Red. 
It should be noted that the separate steps 
involved in this sequence are not correctly 
referred io as “phases”. The terms 
“Period ” and ““ Moment” have been more 
properly used. “ Phase” applies to any 
group of traffic lanes, and even groups of 
equipment associated therewith, in the same 
sense that a mains-supply engineer speaks 
of a switch or fuse being on one or other 
** phase.” 
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PERFORMANCE OF SIGNALS SYSTEM. 


(f) 


(g) 


(h) 


A vehicle running over a detector in the face 
of a red signal establishes a “ demand ” 
within the controller which will ensure that 
the right-of-way is changed in favour of 
this vehicle not later than the end of a pre- 
determined period after the demand is 
registered. This period is called the “ maxi- 
mum green ”’ period. 


The change requested under (f) above, will 
take place immediately the demand is regis- 
tered, contingent upon two things : 

(1) That the right-of-way (previously de- 
manded by a vehicle on some other road) 
had been displayed for a short period 
called the “minimum green” period. 
The latter suffices to cover a vehicle 
which has to start from behind the stop 
line and to cross the intersection. It 
also ensures that pedestrians who may 
have started to cross the road at the 
previous transference of right-of-way 
will have time to make this crossing 
before the indication is again changed. 
That any “extension” registered by 
vehicles running under the existing 
right-of-way shall have expired see (A). 


A vehicle running over a detector in the face 
of a green signal secures an “ extension ” 
of right-of-way whereby the signal indication 
cannot be changed until the vehicle has had 


(2) 
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Fig. 2.—Typical relay set for 
a two-phase controller. 
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sufficient time to traverse the crossing. This 
condition is subject only to the possible 
expiry of the “maximum ”’ waiting period 
on the other road (see (f) ). 


From the foregoing it follows that the signal 
control mechanism must be capable of : 

(1) carrying out the switching of right-of-way 
between the two or several “ phases ” 
in accordance with any one of the alter- 
native national standard colour switching 
sequences. 

(2) receiving an indication from detectors in the 
road, or roads, to which a red signal is dis- 
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depend upon these incoming “ calls”’ condi- 
tioned by maximum and minimum green timing 
means. 

In the Autoflex controller the whole of these 
interdependent functions is carried out by 
telephone type apparatus without the use of any 
rotating mechanism or heavy contactor gear. 
The telephone relay is, of course, well adapted 
to this requirement of co-ordinating several 
functions. By the substitution of the normal 
twin-tip contact springs with heavier gauge 
springs, carrying large single contacts of sintered 
silver-nickel, an excellent miniature contactor 
is provided which carries out the work of signal 
lamp switching. The signal lamp load may 
reach the value of 3 or 4 amperes at 240 volts 
where several signals apply to one traffic “phase.” 
Fig. 1 shows one such lamp contactor. All other 
relays as seen in fig. 2, which shows a complete 
relay-set for a simple two-phase controller, are 
standard Post Office type telephone relays, their 
coils being wound for 50 volt operation. A power 
pack to provide direct current at this voltage can 
be seen in the complete three-phase controller 
shown in fig. 3, and here it should be noted that 
the main relay set, fig. 3(a), is nearly double the size 
of that shown in fig. 2. The reason for this is that 
a three-phase controller requires not only extra 
lamp contactor relays, Red, Green and Amber, 
but the inter-phase switching is much more com- 
plicated than in a two-phase controller. Thus 
each “‘ phase ”’ must be allotted its relays or relay 





Fig. 3.—(a) Interior view of three-phase controller. (b) Detail view 
of main relay set of three-phase controller with cover removed. 


played, and of interpreting this as a ““demand”’. 

(3) receiving a similar indication from a traffic 

lane to which a green signal is displayed, and 

of interpreting this as a request for the pro- 
longation of that green indication. 

The ultimate action at any one moment must 


contacts for switching the signal lights, and, in 
addition, others for switching in the timing con- 
trols applicable to each phase. Finally, other 
relays are needed to interpret the incoming 
detector calls and to route them appropriately 
to the demand circuits. 
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JYETAILED CIRCUIT OPERATION. 


To attempt to describe even a modest range of 
ontrollers, say, two-phase, three-phase and four- 
hase, would require far more space than is 
vailable, but it is felt that a detailed description 
f the operating circuits of a modern two- 
yhase Autoflex controller will serve not only 
o show their nature, and that of the more 
slaborate members of the family, but also 
snable a comparison to be made with the 
-orresponding circuits shown in Mr. Downes’ 
article of thirteen years ago. when neon tube 
‘iming circuits were used. In the present cir- 
cuits the thermionic valve has taken the place of 
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Fig. 4.—Diagram of the electrical circuit of the Autoflex 
neutralisation valve timer. 


the neon tube, enabling the timing to be carried 
out at a working voltage of 50 instead of 300. 

So far as possible, then, this circuit description 
follows that given in the earlier article.’ 


TIMING CIRCUITS AND THEIR CHARAC- 
TERISTICS. 


THE FUNDAMENTAL TIMING CIRCUIT. 

A circuit diagram of the means now provided 
in Autoflex controllers is shown in fig. 4. The 
simplest possible arrangement is given to help 
the reader to understand the general principle. 
In the actual controller, one timer may serve 
several purposes in turn, or for one reason or 
another be complicated by additional contacts. 
Further reference will be made later to the indi- 
vidual timers. The principle of operation is as 
follows : 

Relay AB is energised at coil A upon the clo- 
sure of the switch S, which also renders electrode 





'G.E.C. Journal, Vol. VII, No. 4. November, 1936, pp. 
290-293 inclusive. 


X of condenser Q fully positive. The electrode 
Y, in consequence of its connection to the valve 
grid, is held substantially at cathode potential ; 
therefore the condenser becomes charged, 
electrode Y negatively with respect to X. To 
initiate a timed period S is opened, whereupon 
the potential of electrode X is reduced to the 
small voltage developed across coil A by the 
holding current through resistance HR. The 
electrode Y now holds the grid negative to the 
extent of the supply voltage, less the drop across 
coil A. The negative condition of the grid is 
progressively modified through the timing resis- 
tance R, and eventually it passes through a zero 
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Fig. 5.—Basic speed-timing circuit. 


condition allowing anode current to neutralise 
the holding flux in relay AB by its flow through 
the opposing winding B. The end of the timed 
period is signified by the release of AB. 


THE SPEED-TIMER. 


(Refer to the section “ Basic Principles ”’, 
sub-section (/).) 

The speed-timer circuit is shown in fig. 5. 
It is similar in principle to the normal timer, and 
the operation is as follows : 

Contact RW is normally open and condenser 
ONB is free to assume a voltage on the grid side 
which is substantially zero due to the combined 
effects of the current through 7R and the grid 
current which flows if the grid is even slightly 
positive, and in such circumstances the previously 
operated relay ST would release immediately 
contact DE closes. RW, however, is operated by 
vehicles traversing the detectors in the roads 
which have right-of-way, and upon the closure 
of its contact ONB will start to charge. The con- 
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denser is prevented, however, from taking a full 
charge instantly, by the resistance CR. In fact, 
the amount of charge which is taken is now 
dependent upon the length of time for which RW 
is closed. Values of CR and 7R are so chosen 
that the charge taken will have been modified 
to its zero value by the time the vehicle which 
had caused the actuation of RW has reached 
a predetermined point, or zone, at the crossing. 


(42) VEHICLE SPEED M.P.H. —» 
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therein and the vertical scale (d). Each of the 
four curves in section C shows the performance 
for a different value of 7R. Four such values are 
provided in Autoflex controllers to enable a 
selection to be made which will suit the layout 
of the signalled crossing. The result so far 
shows the extension given in seconds for any 
selected example. If this result is now transferred 
over to section D the distance travelled by the 
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Vehicle at 14 m.p.h. scale(a) | 
closes RW relay contact for 150 milli-seconds. scale(b} 
Charge imparted to Q.N.B. is 153 volts. scale(c} | 
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Fig. 6.—Diagram of overall performance of the Autoflex speed-timer. 


Contact DE is on the demand relay, and indi- 
cates by its closure that a vehicle, or vehicles, are 
calling for a change of right-of-way. A more 
detailed reference follows later. 

It is interesting to examine more closely the 
overal! performance of the modern speed-timer 
and fig. 6 shows the four stages involved. 
Starting in section A, the duration of closure of 
the RW contact consequent upon the passage of 
vehicles over the relevant detector(s) can be 
read off the vertical scale (6) for any speed 
between 5 and 50 m.p.h. (This characteristic 
has been plotted from some thousands of 
observations, and is an average of these.) By 
transferring the contact closure duration into 
section B, the charge given to the condenser, 
and expressed in terminal volts, can be read off 
the horizontal scale (c). By referring this result 
downwards to section C the time required for 
the condenser voltage to be restored to zero can 
be read off from one or other of the four curves 


vehicle in the period to which it has given rise 
can be read on scale (e). The process may be 
repeated for any chosen speed, and an overall 
speed-timing characteristic plotted. The curves 
in section D are typical. 


TWO-PHASE CONTROLLER OPERATION. 

A series of diagrams is given in fig. 7 which 
has been drawn in simplified form to enable the 
operation of a simple two-phase controller to be 
followed. It should be borne in mind that these 
circuits while showing the essentials, have been 
stripped of all the ancillary circuits. The figure 
is divided into sections (a) to (g) and the small 
letters in brackets in the description of the cir- 
cuits provide an easy means of identifying the 
particular relay or contact which is being 
referred to. 

First it would be as well to run through the 
mames and functions of the relays involved. 
They are : 
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ig. 7.—Diagrams showing AA F BA 


a 
1 simplified form the t t 
peration of a two-phase . - + 
controller. [| _|mta , 
: 












































« 7 ATA 
\ MTA ~ re > @ ® + t sae 
FATA N LC ie? hile sh ane 
-— A \ Sat. . ~“* ——-* 
MG * [ } 
’ 
pon ey OE 
+ RA ae 
vonage RA } 
j _ —_— . RVV 
Bj = + - ATA 
camel” m—~s-t f > + 
| 7 > + 1 STA 
F=£.. | DE | Bick 
Bag, Se dae “ d) Amber and associated relay circuits. 
| , y 
+ 
o | | a2 k 
A\ Ta a. in ee i 
vi ee pete 7. + x1 —— ee +9» + 
Stee t{*S | bg tT eo 
a Ree "_ Dial =o 
‘io —— OF : 
ed rs = | _ 
pale aed | \ | 
(a) Detector switching circuit. , el 
1 STA 
+ + —e ee 
4 
[ a ‘ a ] ae eggs (e) Road and lamp control relay 
“ _— circuit. 
¥ ae 7 o> + 
¢ 4 << > « Me 
P 4 LC DEN 
We aa r ST 
TRB CRE AR 
ence 
— hes | Rasen fa RA AR . ve 
YB fe : Seg 
\ i es | | eo It 
— | ey " es LC 
(6b) Speed-timer. ae at iz -o— -+ 
— 
, ‘BMAX + BR 
DE ners 4 | | 
4 = —— A: mak (f) Red contactor circuit. 
INVA he— 


- ay 


3 MAX . # 
| P 


. 


st 


rs 
2 





AMBER 
A’ MIN 












































(c) Minimum green, amber, and maximum timing circuit. (g) Signal lamp circuit. 
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Name Purpose 

AA _ To illuminate the A phase amber lamps, 
and to ensure that the A green signal is 
not displayed at the same time. (At any 
rate this is so in the British colour 
sequence). 

BA  Thesame in respect of the B phase signals. 

AR When de-energised illuminates the A red 
signal lamps, and prevents the illumina- 
tion of the B green lamps. When ener- 
gised, illuminates the A green signals. 

BR _ The same in respect of the B red signal 
lamps, etc. 

ATA A relay assisting in the switching of others 
at the end of every amber, minimum 
green and all-red period. 

CO Operated during a change of right-of-way 
to indicate this condition to various 
circuits. 

DE Operates when a vehicle traverses a detec- 
tor in a road to which a red signal is being 
displayed, thereby recording a demand for 
a change of right-of-way. 

LC See RC. 

MG Indicates whilst in the energised position 
that a minimum green period is being 
timed off. 

MTA Operates when a vehicle has been kept 
waiting for the relevant maximum period, 
and thereby causes a forced signal change 
to take place. 

N The amber, minimum green, maximum 
and all-red timing relay. 

RA Indicates to various dependent circuits 
that an amber-with-red signal condition is 
in being. 

RC Together with LC indicates to detector 
and lamp and timing circuits whether 
right-of-way is in favour of A phase or 
B phase at any moment. 

RW Momentarily operated whenever a vehicle 
traverses a detector in a road to which the 
green signal is showing. It has the effect 
of holding the signal for that road at green 
for sufficient time for the vehicle to get 
close to, or through, the crossing. 

ST Closely associated with RW in carrying 
out the speed-timing function. 

The important relays RW and DE (a) are 
connected to contacts of relay RC in such a 
manner that they are switched to the detector 
contacts of roads A and B respectively, when 
relay RC is de-energised, and to the detector 
contacts of roads B and A when RC 1s energised. 

RW (6) has a contact in the speed-tumer con- 
denser charging circuit which includes resistance 
CR, as already described, but even if any charges 
which had been impressed on the condenser have 
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had time to be cancelled by flow through TRA 
or TRB, so that the grid voltage is substantially 
zero, the relay SJ will not be neutralised unless 
the contacts DE and MG in the valve anode 
circuit are closed. 

Upon a demand being received from a detec- 
tor, relay DE (a) is energised and it then locks 
through contacts DE and STA. Contact DE (6) 
is now closed and connects the anode circuit in 
readiness for the neutralisation of relay ST. 
Another contact of DE (c) completes the timing 
resistance circuit for the maximum timer (con- 
denser QNC.) Should no further vehicles 
operate relay RW, anode current will even- 
tually flow, and relay ST (6) be released. Its 
relief relay STA thereupon becomes energised. 
On the other hand, if there should be a succession 
of vehicles causing the repeated operation of 
RW, and if they are so frequent that condenser 
ONB has no opportunity to display a zero volt- 
age, no anode current flows when a demand 
closes contact DE (6) ; the timing process already 
shown to have been started in ONC will ulti- 
mately be concluded by the release of relay N (c), 
which in turn causes the operation of MTA (qd). 
When this happens MTA (b) quickly discharges 
ONB via a comparatively low resistance YB, 
and immediately gives rise to anode current 
which releases relay ST. The relay STA then 
operates as already stated. 

Contact MTA (a) will lock relay DE addi- 
tionally, to ensure eventual return of right-of-way 
to the road from which it had been forced, the 
controller thereby “‘ remembering ” that it had 
stopped a stream of moving vehicles, the last of 
which may have passed the detector before 
halting at the red signal. 

ST and STA having now released, and ope- 
rated respectively, will cause the release of DE 
(a), unless MTA had been the cause of the signal 
change. This means that relay DE is ready to 
accept a further demand when such is registered. 

Contact STA (d) operates relays AA and BA 
which hold over contacts of their own through 
RA, now closed. Contact ST (c) charges conden- 
ser ONA in preparation for the timing of the 
amber period. 

Relays RC and LC (e) constitute a “ pulse- 
halving circuit” where the effect of one closure 
of STA is to operate RC at contact LC. RC 
then locks at contact RC (e) until released by the 
opening of its locking circuit at STA, relay LC 
having operated via RC contact upon the restora- 
tion of STA after its first operation. The next 
reversal of STA opens the locking circuit for 
RC, and upon the restoration of STA, LC is 
alsoreleased. Actuations of S 7A, therefore, alter- 
nately operate and release RC and LC, and estab- 
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ish a sequence, A, B, A, B. In this way relays 
1R and BR (f) are energised alternately, pro- 
iding the basis for switching right-of-way first 
o road A, then to road B, and so on. The lamp 
ircuits are shown under the control of contacts 
4R, BR, AA, and BA (g). The further effects of 
sontacts of RC will have been observed at RC (a) 
n the detector switching circuits. 

The amber period initiated when STA _ first 
yperates, is timed by the condenser QNA (c) 
which is afterwards recharged through contact 
ATA (c) upon the commencement of the next 
green period. Thereafter, in conjunction with 
relevant timing resistances, ONA times off the 
minimum green period. During amber periods, 
ONA is connected by contact CO (c) to the 
amber timing resistance, but 1s connected at 
all other times to the A, or B minimum timing 
resistances. It will be noted that the same relay 
N releases to terminate the maximum period in 
addition to those just mentioned. However, since 
the condensers ONA and ONC (c) may be timing 
different periods at the same time, they have to 
be separated and are, in fact, connected to 
separate valves called “min” and “ max” 
respectively. At the end of an amber period 
relay N is released by current through valve 
“min”, and operating ATA (d) releases RA at 
the break contact of ATA. STA now being 
de-energised, the amber relays AA and BA are 
released at RA. Also ATA energised at this 
juncture, re-operates relay N (c), and recharges 
condenser ONA as mentioned above. The relay 
N is, in fact, permitted to lie in the released 
condition for some 100 milliseconds. The 
minimum green relay MG (d) is operated at the 
start of the changeover period by CO, and it 
remains locked over its own contact until a 
further actuation of ATA occurs at the end of 
the minimum green period. 

The controller now aavaits a further demand 
from the road to which the red signal is showing, 
or if such has already been registered, will 
transfer the right of way as soon as the speed- 
timer allows. 


TWO-PHASE CONTROLLER MEANS OF 

ADJUSTMENT. 

Timing Adjustments. 

It will be appreciated that provision must be 
made for adjusting the various timing resistances. 
Ten-point rotary switches are provided and are 
so connected to fixed resistors that the following 
periods may be selected : 

‘“‘A” road minimum green switch, 10 steps, 

1, 2, 3, 4, 6, 8, 10, 12, 14, and 16 seconds. 

“A” road maximum green switch, 10 steps, 

5, 10, 15, 20, 25, 30, 35, 40, 45, and 50 seconds. 


The “ B” road switches are identical. 

An “ amber ” switch is not normally provided, 
because in this country a 3-seconds’ period has 
been standardised for the cautionary period. 
However, at some places abroad an adjustable 
amber is preferred, for which a further switch is 
fitted giving from 1 to 10 seconds in 1-second 
steps. 


Accuracy of Timing. 


In order to compensate for inaccuracies in 
individual resistances and condensers, each tim- 
ing resistance train is separately fed through a 
trimming potentiometer. By this means the 
accuracy called for in British Standard No. 505 
(the measured time to be within 7 per cent of 
the dial marking) is provided, with a wide margin 
to spare. 


Facility Switch. 
A facility switch is provided, and has three 
positions : 
1. ““ Normal,” giving vehicle-actuated opera- 
tion. 


2. “* Fixed Time.” 
3. ** Hand Control.” 


With the switch turned to the Fixed Time 
position, the detector connections are broken, 
and the DE relay permanently energised. The 
RW relay is also held continually operated, so 
that each road receives right-of-way in turn and 
retains it for the maximum period. 

In the Hand Control position the switch simi- 
larly breaks the detector circuits, but RW is not 
allowed to become energised, and an external 
push-button is connected. By a single pressure 
of the button a change of right-of-way is initiated, 
the amber period being automatically terminated 
at the end of three seconds, and the green signal 
appearing in its new direction without further 
manipulation of the button. It is arranged that 
the button circuit remains broken for the appro- 
priate minimum-green period following a change 
of right-of-way. This prevents the signals being 
switched too quickly by an operator in moments 
of excitement or forgetfulness. 


Revert Switch. 


As its name implies, this switch is provided to 
enable the right-of-way to be returned auto- 
matically to any selected phase. However, it 
becomes effective only in the event of there being 
no demands. (This is a feature which achieves 
fuller expression in multi-phase controllers.) 
The revert facility is especially useful for return- 
ing the right-of-way to arterial highways, and 
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for introducing artificial demands in the event 
of a detector being obstructed by road works, etc. 


Time Switches. 

Time switches are sometimes provided to 
switch the signals out at night, and an overriding 
switch is then added to enable the signals to be 
restored to immediate operation, without inter- 
fering with the setting of the time switch. It has 
now become the practice in this country for 
vehicle-actuated signals to remain in operation 
throughout the day and night. 
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Multi-Phase Control. 


The elaboration of the circuits just described, 
to enable three or more roads, or road-groups, 
to be given right-of-way at distinct and separate 
times, is a matter of additional switching in the 
demand, and green extension circuits ; further 
lamp contactors and timing dials are also required. 
As may be supposed the complication is con- 
siderable. The same basis of operation is re- 
tained, and the three timing condensers ONA, 
ONB, and ONC carry out the timing of all 
periods with the help of relays N and ST. 


2) THE ALL-RED FEATURE APPLIED TO THE NARROW BRIDGE. 


The development which is now to be described 
is not new, having been introduced at several 
places in England before the late war, but its 
advantages from the point of view of traffic 
safety and the success of the methods employed 
to give effect to it have been amply demon- 
strated. The result has been that the vehicle- 
controlled all-red facility is being called for more 
and more. 

Before the full significance of the vehicle- 
controlled type of “ all-red ” can be appreciated, 
it is necessary to know what is meant by an all-red 
period, and what it achieves. 

The simple all-red period is a condition of 
fixed duration, wherein all signals display a 
single red indication. This involves that a change 
of right-of-way from one road to another instead 
of being accomplished in two steps : amber to 
both roads, and then green in the new direction, 
must be carried out in four, in the sequence : 
(1) amber to the road losing right-of-way ; (2) all 
signals red only ; (3) amber, with red, to the 
road about to receive right-of-way ; (4) green in 
the new direction. This sequence offers two 
main advantages at an ordinary crossing : 

(a) Pedestrians are given rather more oppor- 
tunity to cross (but unless the all-red period 
is made to last longer than required for 
traffic solely, full protection is not made 
available to the pedestrian). 

(b) Right-hand turning traffic in either direction 
is given an opportunity to get away before 
more traffic is released into the crossing. 

Judiciously used the all-red facility may actually 

increase the traffic capacity of a crossing, due to 

one or other of these advantages. 

Generally the wider the crossing the greater 
is the need for an all-red period, and the longer 
it will be set to last. Also where there is a great 
deal of irregular turning traffic, or considerable 
gradients, or a large proportion of vehicles which 
because of their nature call for special treatment, 
the all-red interval is especially useful. 


All-red periods of either fixed, or vehicle- 
controlled duration can be introduced into two- 
phase, or multi-phase, Autoflex controllers. In 
either case the basic principle is the same. It is 
therefore intended to describe the rather simpler 
two-phase case which will link very well with 
what has gone before. First, the method of 
securing the all-red period of the simple fixed 
duration type should be understood. 


CIRCUITS INVOLVED IN THE ALL-RED 
PERIOD. 


Returning to diagram (d) of fig. 7 it will be 
remembered that the amber contactors for the 
A road and the B road were operated together ; 
in fact, were linked together at terminals 7-T. 
For the simplest kind of signalling at an ordinary 
cross-roads this is just what is required, for the 
amber with red indication is given to one road 
at the same time that the amber is given to 
the other. To introduce an all-red stage it is 
necessary to withhold the right-of-way from the 
next road to receive it, until the road just losing 
it has been given first an amber, and then a red 
indication for a fixed—albeit adjustable—period. 
This mode of signal switching is easily secured 
in Autoflex equipment by breaking the link 7-T 
just referred to, and arranging that the energisa- 
tion of the two amber relays is carried out in 
three steps, each of which is timed by the “ N ” 
timer circuit in association with the amber 
timing resistance for the first and third steps, 
and with an “ all-red”’ timing resistance in the 
second. The all-red condition may be arranged 
to occur in all changes or be restricted to selected 
changes. ‘Thus in a three-phase system the 
feature could, for example, be brought in when- 
ever the right-of-way changes from A to B, or 
B to A, but not in any change to or from C. 
Some 60 different combinations can be selected 
by interconnecting terminals with straps in the 
main relay set. 








ROAD TRAFFIC SIGNALS 225 


VEHICLE-CONTROLLED ALL-RED. 


It is frequently found that an all-red period 
which is indispensable during peak traffic hours 
becomes a time-waster under a limited number 
of traffic conditions occurring at other times. 
For example, there is no need for an all-red 
period at all, when the right-of-way is transferred 
from a road which has carried traffic, all of which 
has reached the far side of the crossing when the 
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registered in the controller, and provided no 
vehicles had just traversed the detector AD, the 
signal A would turn to red, through the usual 
amber stage. If there had been traffic move- 
ment at the A end, the signal A would be 
held at green until such movements had ceased 
or until the A maximum period had expired, 
whichever was the sooner. The time which 
must elapse after the removal of green at A, to 
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Fig. 8.—Typical layout of a narrow bridge. 


change is initiated. There will be other occasions 
when the period could be shortened. In fact, to 
secure best efficiency under all densities and dis- 
tributions of traffic, the traffic must control the 
all-red duration. 

Extreme cases are to be met with in narrow 
bridges, tunnels, or approaches where there is 
room for traffic in one direction only at a time, 
and where an unrestricted view over, or through, 
the way is not possible. 


THE SIGNALLING OF A NARROW BRIDGE. 


Fig. 8 is a plan of a typical narrow bridge, and 
it will be obvious that if the difficulties just men- 
tioned apply here, then it will be of the greatest 
advantage to install signals at the approaches to 
the bridge, and to arrange that no vehicles are 
allowed on to the bridge while others are moving 
over it from the other side. 

The operation of such a scheme can best be 
followed by watching the approach of an imagin- 
ary vehicle from the east. 

It will be assumed that, when it arrives, the 
vehicle is faced with a red signal B, there having 
been no traffic in this same direction for some 
time, while there have been vehicles in the oppo- 
site direction. As our vehicle crossed the 
detector BD, a demand for right-of-way was 


the granting of right-of-way at B will depend 
upon the time which the last vehicle which passed 
A at green takes to arrive at the B end, and is 
obviously subject to wide variations. A single 
car may cover the distance in five seconds, a hay- 
cart (which is so frequently part of the same 
setting as the narrow bridge) may well take thirty 
or forty seconds. Also it must be remembered 
that the demand for right-of-way from detector B 
may not have arisen until a solitary vehicle from 
the west had got halfway over. At other times 
the demand may be registered at a moment when 
there has been no traffic which had not had time 
to clear the bridge in travelling from the west. 
In the latter circumstances the change of right- 
of-way should have begun immediately the 
demand was received, and have been completed 
without the inclusion of any all-red period. 

Thus the all-red period must be capable of 
variation of from some fifty seconds down to 
nothing. 


THE ALL-RED SPEED-TIMER. 

The fact that the speed of vehicles passing 
over the bridge is to have a direct bearing on the 
duration of the all-red period, at once suggests 
that a speed-timing circuit simular to fig. 5 could 
be employed. Such a timer is, in fact, used 
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additionally in the Autoflex variable all-red con- 
troller, a second RW relay being operated at the 
Same time as that in the normal speed timer. 
The new relay is given the name RWA to dis- 
tinguish it. It is arranged that the value of the 
timing resistances are such that when a vehicle 
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a timing resistance to be used which will cover 
the vehicle from each detector to a point just 

beyond the next, and so on across the bridge. 
Unless a signal change occurs during the 
period being measured by the all-red timer the 
latter will have no visible effect, but due to the 
demand indicated by our ima- 


CONTROLLER — ee ss ginary vehicle at B, and the 
$$ $$$ ——sya- ens — a 'T oO turning to red of signal A, the 
: >, all-red condition has been in- 
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Fig. 9—Plan of Aylesford Bridge, 
Kent, showing signal and detector 
positions. 


passes over AD, the normal speed-timer measures 
a period which will keep signal A at green until 
the stop-line is passed, while the all-red timer 
measures a much longer period. Indeed, it might 
be supposed that it could measure the full period 
which the vehicle will occupy in crossing the 
bridge. However, the speed assessment at A is 
not likely to represent the speed of the vehicle 
throughout its journey over the whole distance, 
particularly if the bridge is of the hump-backed 
variety, and in practice several successive detec- 
tors are fixed in the narrow way. This enables 
the speed to be checked from point to point and 






troduced and will persist until 
the expiration of the period 
which the all-red timer is 
marking off ; whereupon signal 
B turns to amber with red, and 
then to green. Such is the 
general outline of the scheme, 
where demands are received at 
B while traffic is running (or 
hasrun)at A. Ifthe same basis 
is applied in considering the con- 
ditions when it is from A that 
demands are received, and so on, 
a complete picture will be formed 
in the mind of the reader. 

The plan of the old bridge at 
Aylesford in fig. 9 illustrates the 
way in which the narrow road- 
way 1s divided into compara- 
tively short sections by the intermediate detectors 
DR. These are all capable of detecting the pas- 
sage of any vehicle in either direction, whilst the 
first intermediate detectors in each direction 
(DIR), also the approach detectors DA and DB, 
are unidirectional. Only the detectors DA and 
DB affect the demand and green extension cir- 
cuits. A view at the south end is shown in fig. 
10, while a general impression of the type of 
bridge is given by fig. 11. 


FURTHER TIMING REQUIREMENTS. 
Consideration has been confined so far to 
those operations of the all-red speed-timer, 


which have resulted from the passage of traffic . 


over first and subsequent detectors. There are, 
however, certain conditions which require the 
actuation of the timer, or its equivalent, apart 
from direct detector actuation. They may be 
considered as follows : 

(1) The granting of right-of-way to, say, B 
may take place as the result of a demand from 
one or more vehicles, after the system has been 
resting for some time with right-of-way to A, 
there having been no traffic in either direction. 
Alternatively, the change may take place after 
the normal speed-timer has completed its timing, 
but while vehicles from the west are still travers- 
ing the bridge. Or, again, it may occur as the 
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esult of the maximum timer forcing the change, 
lespite continued actuation of detector AD. In 
all these cases vehicles on the bridge had had an 
opportunity to notify their speed at the approach 


Nor indeed, is there any knowledge of whether 
one, or many vehicles, had passed over AD and 
stopped at signal A. This absence of information 
following every minimum green period makes it 





Fig. 10.—South end of Aylesford Bridge. 


detectors—and therefore subsequently at each 


intermediate detector—thereby ensuring a suffi- 
cient all-red covering period for their full pass- 


age. 

Yet a further condition characterises other 
changes, as in any change which follows imme- 
diately upon the expiration of a minimum green 
period. The fact that the change does occur at 


necessary to introduce an artificial extension in 
the all-red timer, which will ensure that any 
vehicles that do start up when right-of-way is 
first given, and which are not followed by others 
operating AD, while A is green, will reach the 
first intermediate detector and so prevent the 
premature release of vehicles at B. The extension 
so introduced must be long enough to cover 





Fig. |!.—Aylesford Bridge, Kent. 


this moment, infers that vehicles on the bridge 
include those which had made the demand for 
the previous change to A. In regard to these, 
there is no knowledge of their speed (they had 
probably to slow down or wait at signal A) and 
the effect of their actuation of AD had been to 
operate the demand relay, not the speed-timer. 


vehicles which are slow in starting, and in the 
Autoflex controller is adjustable. The period 
has come to be called by the rather odd name of 
“* The Ghost Period ”’. 

(2) In some circumstances the movement of 
traffic, or pedestrians, or even cattle about the 
bridge, has led to such prolongation of the all-red 











Fig. 12.—(a) The Stonebow, Lincoln. 


condition, that traffic movement is 
hindered. To prevent this a limit may 
be applied in the form of an all-red 
maximum. Admittedly, it may be 
argued that a period which has been 
proved necessary by the operation of 
the bridge detectors, should not be 
curtailed by the action of a blindly 
operating fixed period device. Suffice 
it to say that there are authorities who 
consider it desirable. 


TYPICAL EXAMPLES OF 
INSTALLATIONS OF THIS TYPE. 
Reference has already been made to 

the old bridge at Aylesford, where 

in addition to the problem of protecting 
vehicles against collision on the bridge 
itself, the system is called upon to 
give protection at the High Street 
end where the only courses available 
to vehicles coming off the bridge 
involve the sharpest possible turns 
right, or left, into the narrow High 
Street. The traffic over the bridge 
varies from week-end coast-going 
traffic, to heavy industrial, agricultural 
and petroleum lorries during the week, 
with sufficient slow traffic of the hay- 
cart and miulk-float variety to make 
the setting-up of the timing controls 
an interesting occupation. 
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An equally historic background is 
found at the Stonebow in the City of 
Lincoln, fig. 12, where the vehicle- 
controlled all-red type of signal change 
is combined with a multi-phase sig- 
nalling system. The all-red feature is 
chiefly concerned with getting the 
traffic through the old stone arch and 
across the mouths of busy roads which 
flank the wall on either side. The in- 
troduction of signals here has done 
away with the necessity for police 
control, which on certain days required 
the co-ordinated efforts of two traffic 
officers. 

In fig. 13 there is an example of a 
narrow way which is not a bridge but 
a tunnel. It has been equipped with 
signals working on the principles set 
out for the bridge in fig. 8, and has 
proved its worth over a period of some 


(b) Signalling system regulating multiple cros- 
sings at, and passage through, the Stonebow. 
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en years. The tunnel runs under the main rail- 
‘vay lines at Ilford in Essex, and, before signal- 
|. ng, constituted a veritable death trap. In itself 
tae tunnel is not very long, but the approaches to 
i: are down-gradients, and completely blind. At 
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times the noise of passing trains makes it im- 
possible to hear the approach of vehicles from the 
otherend. The route through the tunnel though 
not wide is important, as it serves as a convenient 
by-pass for main road traffic, which would other- 
wise be under the necessity of passing through 
the busy Ilford Broadwa¥ crossing. 


OTHER APPLICATIONS OF 
FEATURE. 
It has already been mentioned that the narrow- 
bridge type of layout illustrates an extreme form 
of vehicle-controlled all-red signalling. Between 
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ROAD TRAFFIC SIGNALS 


Fig. 13.—Traffic tunnel, Mill Lane, Ilford. 
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this application and the simplest, there lie an 
infinite number of possibilities. A very useful, 
and frequent, application with or without inter- 
mediate detectors has been made both here and 
overseas at the junctions where wide double 

















carriageway roads are crossed by side roads. 

It is perhaps significant that there is an in- 
creasing tendency for vehicle-controlled all-red 
changes to be called for by road authorities where 
in the past an all-red period of fixed duration 
would have been considered suitable, and, in 
conclusion, it should be said that, so far as is 
known, the vehicle-controlled feature is a 
British invention, and has certainly been brought 
to its present state of development by the close 
collaboration of British authorities—notably the 
Ministry of Transport, and the Police—with 
British manufacturers. 
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9 kW STEAMING OVEN 


This new 9 kW steaming oven 
(HO 1147/8) has a capacity of 6 cu. ft. 
—the equivalent of 100 Ibs. of pota- 
toes, which it will steam in 40 to 50 
minutes. A removable hanging rack 
and five wire baskets are provided. 

The HO 1147 model is manually 
controlled by a 3-heat switch, while 
the HO 1148 has thermostatic control 
on 6 kW and manual control for the 
remaining 3 kW. 

Each of the three sheathed wire 
immersion heaters is protected 
against burn-out due to water failure 
by its own cut-out (on A.C. only). 
The water feed from the ball valve 
tank to the heater well is specially 








designed to overcome back conduc- 
tion and circulation. The oven 
interior is made of heavy gauge tinned 
copper and operates at very little 
above atmospheric pressure due tothe 
open steam vent provided in the 
bottom. The condensate runs to 
waste. 


MAGNETIC TAPE RECORDER 


All the benefits of the magnetic 
tape recorder, whose many practical 
uses—beyond home entertainment— 
both public and private bodies will 
be quick to seize upon, are offered 
by this new model (BCS 3254). 
Recordings may be made from micro- 
phone, radio receiver or telephone 
line and then played back as often as 
desired, stored indefinitely or erased 
when no longer required. 

The tape, which is made of plastic 
coated with iron oxide, will stand 
up to repeated recording and erasure 
without any loss of quality. Audio 
frequency response is flat within 
4db between 40 and 8,000 cs. 


NEW PRODUCTS 


The instrument is simple to operate 
with push button controls for ** Re- 
cord Play back,’’ ** Rewind,’’ ** Fast 
Forward Wind,’’ and ‘* Off.’’ Re- 
cordings in the making may be 





monitored continuously and marked 
with coloured paper tape; alterna- 
tively tinfoil tape may be used, in 
conjunction with the mechanism, to 
act as an automatic selector or stop. 

The recorder is housed in a console 
walnut cabinet and works off a 
200/250 volt 50 c/s supply. Power 
consumption is 200 VA. 


V.H.F. TRANSMITTER 
RECEIVER FOR AIRCRAFT 


The BRT 600 single-channel V.H.F. 
transmitter receiver, designed for the 
small privately owned aircraft, pro- 
vides two-way R/T contact with the 
ground and intercommunication be- 
tween pilot and passenger, either of 
whom may operate the set. It 
weighs only 8-2 Ibs. and its dimensions 





are: width, 3% ins.; height, 7% ins.; 
depth, 9 ins. The complete assembly, 
consisting of transmitter receiver 
and power supply units, fits into the 
standard S.B.A.C. racking system for 
civil aircraft. 

The set is remotely operated from 
a simple control box in the cockpit. 
Only three controls are needed: 


on/off, volume and press-to-speak. 
There is no tuning control, but the 
set will operate on any required 
frequency (which must be preset) in 
the range |17-9 to 131-9 Mc/s. Power 
supply is taken from either a 12 or 
24 volt battery via a rotary trans- 
former. 


TWIN-LAMP FLUORESCENT 
SHOP WINDOW FITTINGS 


A new range of twin-lamp fluores- 
cent fittings for shop windows has 
recently been introduced, designed 
to provide a high concentration of 
light in windows of medium depth. 
The fittings are made for 2, 4 and 5 ft. 
lamps, and all are of identical cross 
section so that different sizes may be 





butted together to give the required 
length of light source. They can be 
supplied with or without louvre 
frames, which are hinged to allow 
easy access to the lamps. Installation 
of the fittings is straightforward as 
they are complete with gear and 
internal connections. 

The bodies and louvre frames are of 
rust-proofed sheet steel finished in 
white stove enamel, and the reflectors 
are of aluminium, electro-brightened 
and anodised. 


GECOPHONE JUNIOR 


The Gecophone Junior is a ver- 
satile instrument designed for small 
private telephone systems. In order 
to satisfy widely varying requirements 
as economically as possible, five 
models, similar in design and con- 
struction, have been produced: 
Direct Working (between two), 
Battery Call (between three or more 
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n conjunction with battery call 
witchboard), Apartment Flat (in 
onjunction with Reply Panel), Reply 
nd Call (for use- with loudspeaking 
itercommunication system), 5-line 
ush button’ intercommunication 
providing full direct intercommuni- 
ation between up to six stations). 

Each model is available in black or 
vory plastic case and standard or 
ropical finish. The same instrument 
nay be mounted on table or wall, 
ince the streamlined cradle will hold 
he handset in either position. 

The Gecophone Junior is marketed 
n the U.K. by The Reliance Tele- 
»hone Co. Ltd. (a subsidiary of the 
G.E.C.). 


INDUSTRIAL BROADCAST 
UNIT 


This instrument (BCS 2352) is, in 
effect, the nucleus of a small radio 
relay system with additional facilities 
for gramophone and microphone in- 
put. With an undistorted output of 
18 watts it will operate up to 40 
extension loudspeakers of a size 
suitable for hotel bedrooms, hospital 
wards, offices, etc., or alternatively 
up to I2 larger loudspeakers each 
capable of serving a room of 5,000 
cubic feet capacity. 

The required input is selected by 
means of five push-buttons for gramo- 
phone, microphone and the three 


eveoeerrr® 


- 
aw, 
a? 





wavebands (one medium and two 
short in the overseas and long, 
medium and short in the home 
model). Five further push buttons 
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control output switching, i.e. off ; 
external speakers on with internal 
speaker off, low or high ; and exter- 
nal speakers off with internal speaker 
high. 

The cabinet is of polished walnut 
and the whole is built to tropical 
specifications. Power supply is 200- 
250 voits A.C., 50-100 c/s. 


TWO NEW PHOTOFLASH 
BULBS 


The Speed Midget (below, left) 
is one of a new range of photoflash 
bulbs being developed by the G.E.C. 
to meet the needs of present-day 
photography. The flash is produced 
by the combustion of primer paste 





(zirconium with a suitable oxidising 
agent) and not, as in previous types, of 
aluminium foil ; as a result the delay 
between the application of volts and 
the start of the flash is reduced from 
15 to 5 milliseconds. Since 5 milli- 
seconds is the average time taken for 
a ‘* between-the-lens *’ shutter to 
open fully, no synchroniser is needed 
with the Speed Midget, and a pair of 
contacts on the shutter mechanism 
may be used instead. The flash lasts 
about 10 milliseconds and can thus 
be easily synchronised with an 
exposure of 1/100th second. Total 
light output is approximately 3,500 
lumen /seconds. 

The No. 22 (above, right), the 
second photoflash bulb in the new 
range, is the first shredded foil bulb 
to be produced by the G.E.C., and 
its function will be to replace the now 
obsolescent leaf foil ‘* Sashalite ’’. 





231 


By using shredded foil it is possible 
to limit the variation in performance 
from one bulb to the next to a degree 
quite unattainable with leaf foil, 
and thus the No. 22 goes a long way 
towards meeting the demands of 
modern synchronised flash photo- 
graphy. 

Time to peak of flash is the 
standard 20 milliseconds and total 
light output is 60,000/65,000 lumen, 
seconds. 


I2 INCH MARINE FAN 


The V150 is a 12 inch marine fan 
designed for either bulkhead or 
deckhead mounting. It is fixed in 
position by means of a horseshoe 
backplate, to which it is clamped by 
a hand screw ; and by siting further 
backplates in suitable alternative 
positions the fan may be moved 
readily from one to the other as 
desired. 

The fan is driven by an enclosed 
ventilated D.C. motor, 110 or 220 
volts, with split windings, so that two 
speeds are obtainable without a 
separate regulator. It is controlled 
by a three-position tumbler switch 
(two speeds and “* off *’). 





Another version (V 152) is also 
available ; this incorporates oscil- 
lating gear enclosed in the motor 
housing, but is suitable for bulkhead 
mounting only. 

Both fans have white enamelled 
brackets and bodies and chromium 
plated blades and guards, and both 
are fitted with radio interference 
suppressors. 
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A DIGEST OF RECENT BOOKS, ARTICLES AND PAPERS, BY MEMBERS 
OF THE G.E.C. AND ITS ASSOCIATED COMPANIES. 


FLAMEPROOF SWITCHGEAR. 

By C. J. O. Garrard (Switchgear Dept., 

Witton Engineering Works). 

British Engineering, April, 1949. 
A general survey of the principles 
of construction of apparatus for 
use in coal mines and other situa- 
tions where inflammable atmo- 
spheres may exist, with descrip- 
tions of typical apparatus. 


ELECTRONICS IN HEAVY 
ENGINEERING. 


By W. Wilson (Development Laboratory, 
Witton). 
British Institution of Radio Engineers. August, 
1949. 
A general survey of the part that 
electronics has already played in 
industry and a prognosis of its 
future applications. 


TELEPHONE RELAYS AND 

THEIR USES IN ELECTRONIC 

CIRCUITS. 

By A. A. Chubb (G.E.C. Telephone Works, 

Coventry). 

Electronic Engineering. June, july, 1947. 
The article describes the more 
common forms of telephone-type 
relay available and gives their 
electrical and mechanical character- 
istics. Special problems arising in 
connection with their use in valve 
circuits are listed, and the deter- 
mination of their operation under 
various conditions is explained. 
A number of circuit elements are 
described, showing how relays may 
perform various functions. 


PLANAR ELECTRODE VALVES 

FOR V.H.F. 

By the Research Staff of the M.O. Vaive 

Co., Ltd. 

Wireless World. May, 1949. 
Describes progress made in im- 
proving the high frequency per- 
formance of triodes and pentodes 
and the general design features of 
parallel electrode valves (planar 
electrodes) for operation at fre- 
quencies up to about 4,000 Mc s. 
Operating data are given for the 
triode E1714, with diagrams of 
electrode structure. 


POWER DIODES. 


By E. G. Rowe, R. E. B. Wyke and 
W. MacRae—Research Staff of M.O. 
Vaive Co., Ltd. 
Electronic Engineering. july, August, September, 
1948 
A series of articles describing the 
design, features, and operating 
characteristics of vacuum and gas- 
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filled rectifier valves. Diagrams 
and curves showing the effect of 
design on operating ratings and 
characteristics of typical rectifiers 
are given. 


ECONOMICAL 50 WATT 

AMPLIFIER. 

By G. R. Woodville (Research Staff of the 

M.O. Valve Co., Ltd.). 

Wireless World. December, 1948. 
Describes improvements to audio 
frequency power amplifiers by the 
introduction of a new rating of the 
KT66 for 50 watt output per pair 
in push-pull, with fixed bias. Per- 
formance curves of a typical ampli- 
fier and circuit are given. 


STRESSES IN TWO-WIRE 
GLASS-TO-METAL SEALS (396).* 
By ©. Adams (Research Laboratories). 
Trans. Soc. Glass Techn., Vol. 32, pp. 99-112, 
1948. 
A brief discussion of the behaviour 
of glass in plane stress when 
examined in plane polarised light 
is followed by a description of the 
estimation, by Filon’s graphical 
integration method, of the prin- 
cipal stresses in flat two-wire 
glass-to-metal seals. 


RESISTIVE FILMS IN VALVES 
—EFFECT ON INTERELEC- 
TRODE CAPACITANCE (397).* 
By E. G. James and B. L. Humphreys. 
(Research Staff of the M.O. Valve Co., 
Ltd., at the G.E.C. Research Labora- 
tories). 

Wireless Engineer, Vol. 26, March, 1949. 
This paper applies Professor Howe's 
analysis of the behaviour of resist- 
ances at high frequencies, to the 
behaviour of interelectrode capaci- 
tances in the presence of resistive 
films between the electrodes. It 
is shown that the capacitance of 
such films varies inversely as the 
square root of the frequency at 
high frequencies and tends to a 
limit at low frequencies. The 
importance of the frequency in the 
measurement of interelectrode 
capacitances is demonstrated ex- 
perimentally. 


NEW LAMP DEVELOPMENTS 

(401).* 

By N.L. Harris (Research Laboratories). 

Trans. 1.E.S., Vol. 13, No. 8, 1948 
The history of electric 
development has been 


lamp 
one of 


steady improvement in the effi- 
ciency of production of light. The 
lamps used to-day for general 
lighting have 15 to 20 times the 
efficiency of those first developed 
some 70 years ago. This paper 
surveys recent achievements and 
indicates the probable lines of 
future developments. 


AN ELECTRICAL METHOD OF 

MEASURING WATER VAPOUR 

PRESSURE IN A SEALED-OFF 

DISCHARGE TUBE (404).* 

By B. N. Clack (Research Laboratories). 

Jour. Sci. Insts. Vol. 26, No. 2, February, 1949. 
An electrical method of measuring 
water vapour pressure in small 
sealed-off valves is described in 
which the change in voltage drop 
across a glow discharge in the 
vapour is studied as the envelope 
is cooled. The method was 
developed primarily for measuring 
the partial pressure of water 
vapour in argon-water vapour in 
Radar TR switches, but the appli- 
cation to other cases is discussed. 
Results are repeatable and are 
rapidly obtained. Vapour pressures 
of water as low as 0-5 mm. and 
quantities as small as O-l “g. can 
be estimated. 


DIRECT READING 
FREQUENCY MEASURING 
SET. 


By F. C. F. Phillips (G.E.C. Telephone 
Works, Coventry). 


Journal of the British Institution of Radio En- 
gineers—Vol. 8 pp. 4-15, January and February, 
48. 


The principle involved in the 
equipment is the successive hetero- 
dyning of the signal to be measured 
by decade stages obtained from a 
source of standard frequency. The 
initial digit of each decade group 
is shown on an illuminated dial and 
the final value (below 1,000 c's is 
read from a deflection-type fre- 
quency meter. 

The paper describes the problems 
involved in devising such a system, 
and their solutions to enable 
unambiguous readings to be ob- 
tained by a relatively unskilled 
operator. 

This paper has been awarded the 
Institution's Marconi Premium for 
the most outstanding engineering 
paper published in the Journal of 
the Institution during 1948. 
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may be obtained on application to the Editor, G.E.C. Journal, Magnet House, Kingsway, W.C.2. 











